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PREFACE

This report describes work completed or studies in progress on a
program aimed at elucidating the biological effects of inhaling fission
products. All material contained herein was carried out under Contract
AT(29-2)-1013 between the United States Atomic Energy Commission and
the Lovelace Foundation for Medical Education and Research, Albuquer-

que, New Mexico.

Some manuscripts document subtasks which are complete, but are
not being considered for publication elsewhere. Others, in the majority,
represent work in-progress on continuing projects, some of a long term
nature. A complete listing of publications that have appeared as Lovelace
Foundation (LF) reports since the inception of this Program is contained
in Appendix 1. A similar list containing "open' literature publications

is presented in Appendix 2.
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A SIMULATED ANNULUS DETECTOR FOR
LARGE VOLUME SAMPLES
by
B. B. Boecker and R. M. Goodrich

ABSTRACT

A gamma ray detection system for biological samples that will yield
good spectral data and be insensitive to changes in sample size is being
investigated. In this system, the samples are rotated around an axis
parallel to the axis of a long, cylindrical Nal detector. Data obtained to
date on its response to 1 ml and 1 quart samples demonstrate that this
system can be made insensitive to geometry changes of this magnitude
while maintaining a usable counting efficiency (3% for Cs-137). Construc-

tiondetails are given. Work onthe spectral response is stillin progress.
INTRODUCTION

Spectral analysis of biological samples containing mixtures of gamma-
emitting isotopes requires a detection system with good resolution and an
insensitivity to changes in sample size. A large sodium iodide, Nal, well
detector would be satisfactory but the costis prohibitive. A single crystal
system in which the samples are rotated around an axis parallel to the
axis of a long, cylindrical Nal crystal was considered a satisfactory and
less expensive alternate. In terms of insensitivity to geometry, the end
result should be similar to having a stationary sample surrounded by an
annulus of Nal. Rotation of the sample should compensate for non-homo-
geneity and thickness and the use of a tall crystal should minimize the
effects of sample height. In addition to its promise as a geometry-insen-
sitive system, a single crystal detector such as this was alsofavored for

spectroscopy work since it would eliminate the need for aligning multiple



detectors.
METHODS

A 3-inch diameter by 8-inch long Nal crystal attached to a premium
grade photomultiplier tube (Harshaw Chemical Co., Cleveland, Ohio) was
positioned parallel to the axis of rotation of a 5 - inch diameter turntable
(18 rpm) as shown in Figure 1. Provision was made for varying the separ-
ation, a, between the edge of the turntable and the edge of the crystal and
also the distance from the bottom of the crystal to the bottom of the sam-
ple, E A 5-inch diameter lucite cylinder with 1/4-inch walls and 1/2-inch
thick base was mounted on the turntable to hold the sample containers.
When it was desired to raise the sample in the lucite cylinder, 1 -inch
thick pads of rubberized hair packing material were placed between the
bottom of the sample and the base of the cylinder until the desired height

was obtained.

Both Cs-137 and I-131 were used in these studies. Nine samples of
each isotope were prepared in i ml vials and counted individually in a
Packardwell detector (Packard Instrument Co., Downers Grove, Illinois)
to insure that equal amounts of activity were in each vial. Eight vials of
each isotope were poured into individual quart containers and diluted with
distilleciwater until samples containing the same activity level in volumes
of 100, 200, 300, 400, 500, 600, 700 and 800 ml respectively were obtain-
ed. These 16 '"volume" samples plus the 2 - 1 ml samples were used to

determine the characteristics of the system as described below.

RESULTS AND DISCUSSION

A, Large Samples

The quart containers were used to determine the relative effects
of a and b on the system's response to changes in sample volume.
Values of a = 1.0, 1.5, 2.0 and 2.5 inches were examined with both

the Cs-137 and I-131 samples for values of b between 0.5 and 4.75

A}
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inches. Typical results witha = 2. 0 inches are shown in Figure 2 for
Cs-137 and Figure 3 for I-131. A larger change in counting efficiency
with sample size was observed for the I-131 samples but the data in
both figures are qualitatively similar. When b was small, much of
the source activitywas concentrated near one end of the crystal. As
the source volume was increased, more of the activity was moved
closer to the center of the crystal and the observed activity increas-
ed. For intermediate values of E, more of the source activity was
concentrated near the center of the crystal at all source volumes and
changes with increased source volume were minimal. Further in-
crease in b raised the samplesto such a position that the larger vol-
ume samples approached the other end of the crystal and another

decrease in observed activity was obtained.

All of the data of this type are summarized in Table 1 where
values for the mean efficiency and the range of values expressed as
a percentage of the mean are listed for each combination of a and b
used for the Cs - 137 and I- 131 samples. Prior to the start of this
work, it was decided that a counting efficiency of about 3 per cent for
Cs-137 would be sufficientand, as canbe seen in Table 1 this require-
ment was met for a = 2.0 inches. Since some increases in the ranges
were observed for values of a less than 2 inches, a value of a = 2.0
inches was considereda practical compromise between efficiency and
volume insensitivity.

The selection of a proper value of bdepends onthe container used
since best results are obtained when all samples are located near the

center of the crystal, For the quart containers and sample volumes

used here, a value of :b_ = 3.0 inches seems to be the best choice.

Small Samples

Information onthe effect of positioning of small sampleswas ob-
tained with the 1 ml vials. Each vial was counted at the center of the

turntable and also while being rotated in circles at 1 and 2 inch radii.

The procedure was repeated at approximately 1-inch intervals along

A
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the height of the crystal by adding layers of rubberized hair between
the turntable and the plane of rotation of the source. The results ob-
tained for vials containing Cs-137 and I-131 with a = 2.0 inches are
shown in Figure 4. In agreement with the data from the quart sam-
ples, it can be seen that the observed activity reached a maximum
when the source was positioned near the center of the crystal. When
either end of the crystal was approached, a drop - off of 20 - 25 per
cent in the observed activity was encountered. The middle 3 inches
of the crystal appear to respond uniformly and care should be taken

to position all sources within this region if possible.

Even though the 1 ml vials used in this study contained the same
amounts of activity as the quart containers, the observed activity from
them was always less except when they were placed near the center
of the crystal and rotatedon a circle witha 2-inch radius. When sam-
ples in quart containers are being counted, the half of the sample
nearest the crystal apparently contributes proportionately more to
the observed activity than the other half. Because of this, the same
amount of activity in a quart container produces a larger observed
activity than the same amount of activity at the center of the turn-
table. Thus, in order to made a smali source count with an efficien-
cy equal to that of a sample in a quart container, it is necessary to
rotate it off - center during counting to imitate a distributed source.
The exact radius of rotation will have to be determined for each con-
tainer configuration in order to have all samples counted with the

same efficiency.

Non-Homogeneous Samples

All of the previous data with quart samples were obtained with
homogeneous liquid samples. A homogeneous sample of this type
represents a somewhat idealized situation when one considers using
this detection system for carcass samples whichmay contain a mix-
ture of several tissues which contain different concentrations of radio-

active material. The localization of all the activity at one pointwith-

in a quart container represents the worst and also the most unlikely
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deviation from the homogeneous condition. If this were to happen, it
can be seen from Figure 4 that, at most, this would represent a loss
of about 10 per centin the observed activity if the sample were posi-
tioned in approximately the middle 3 inches of the crystal. Since the
sample height of a full quart sample is about 3.5 inches, this position-

ing requirement seems quite feasible.

Final Design

From these results, it appeared that this system would fulfill
the requirements listed above. Consequently, a shield and cover
were designed to facilitate the use and improve the appearance of the
system. The detector and turntable were mounted with a separation
ofa=2.0 inches within a 4-inch thick shield constructed of milled
lead bricks and assembled on a dolly for ease of movement (Figure
5). A door mounted on wheels riding on an angle-iron track permits
easy accesstothe sample compartment. Whenthe door is inthe full-
open position, a microswitch is activated which stops the turntable
for sample changing. Whenthe door is in any position other thanfull-
open, the turntable continues to rotate. Spacers that can be placed
within the sample chamber to provide the proper radius of rotation

and value of b will be built for each container configuration.

High voltage for the photomultiplier tube is provided by a 1050-
volt battery pack mounted on the underside of the dolly. The 20 rpm
motor for the turntable is also mounted below the dolly to keep its
associated heat external to the shield. Mounted in this manner, both

the battery pack and motor are readily accessible for servicing.

Spectral Analysis
All of the data presented to this point have dealt with gross or

integral counting. Since this aspect of the system proved to be sat-
isfactory, work is now in progress on the spectral response of the
system., With a point source, the resolution of the crystal is about
11 per cent. However, larger samples will produce more scattering

and degradation of the gamma rays. Therefore, a considerable amount

10
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of workwill be required to define the spectral response versus sam-

ple size beforethis system canbe used for routine analysis of isotope

mixtures.
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A METHOD FOR ASSAY OF HIGH LEVEL SR-90 BY
THE BREMSSTRALUNG SPECTRUM
by
G. Newton

The purpose of this report is to establish a procedure for assay of

high level samples of Sr-90,

It is possible to assay Sr- 90 by diluting the activity to levels low
enough for beta counting, but this method requires that the source be in
liquid form. In this Program a method of assay for Sr-90 collected on
filters from the animal exposure apparatus was desired. Also, it was
anticipated that mixtures of Sr-90 and other radionuclides would be used
in the inhalation experiments. Due to the large number of filters used, a
rapid practical method of quantitative assay for Sr-90 was necessary. The
activity ranges are expected to vary from several millicuries to low mi-

crocurie levels.

It was decided that an assay of the bremsstralung spectrum was the
most practical solution. Several calibrated sources ranging from 1.0 mi-
crocuriesto 2,0 millicuries were made. These sources consist of approx-
imately 2 to 10 microliters of solution mounted an 25mm diameter A, A,
W. P, Millipore Filters and placed between two pieces of 2.5 mil paper-
backed '"scotch tape''. These sources were then inserted in a 1/8'" lead

""'sandwich" for maximum bremsstralung yield (see Figure 1).

A low level primary standard was made on ''thin film" and the activ-
ity determined on a 47 beta particle counter. The sample wasthen placed
on a Millipore Filter and taped similarly to the check sources. The pri-
mary standard was then beta counted on a Csl counting system and com-
pared to the beta counts obtained from one of the lower level (6. 0 micro-
curies) check sources. These beta counts were made after equilibrium

was established between Sr-90 and Y-90.




Figure 1
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The source consisting of approximately 6.0 microcuries Sr-90 - Y-90

was selected as the primary bremsstralung standard. Determination of

activity on the check sources was done by inserting them into the lead
""sandwich" and comparing the bremsstralung counts with the bremsstra-
lung standard. The bremsstralung counts were made on a 3" x 3" Nal
crystal connected to a multi-channel pulse height analyzer, a liquid scin-
tillation well-type detector scaler, and on the opposed crystal small ani-

mal whole body counter.

On the gamma spectrometer an apparent ""peak'" inthe bremsstralung
spectrum was observed at an energy level of approximately 0.27 mev. It
was decided to use this '"peak' asthe reference point for assay. To mini-
mize the effect of gain shift due to differences in count rate, the counts
were totaled in several channels above and below the apparent '"peak',
Due tothe activity range of the check sources (10 microcuriesto 2.0 milli-
duries) it was necessary to use several geometries. Source to crystal

distances used were: 10, 20, 30, 50 and 100 cm,

Cross checks of the calibration of the reference sources made inthe
liquid scintillation well-type detector and with the small animal whole body

counter, consisting of two opposed 5'" x 3'" Nal crystals, agreed within +

5%.
The procedure for assay of high level Sr-90 sources follows:

1. Place a sample of the solution on a filter and tape it so that the

source configuration of the calibrated standards is duplicated.

2. Placethe mount of the unknown activity in a lead ""sandwich' and

count with a gamma spectrometer.

3. Select a calibrated source of approximately the same activity,
place in alead "sandwich' and count inthe gamma spectrometer,

using the same geometry and gain settings.

4. Compute the activity by comparing the total counts found in the

significant channels of both the unknown source and the calibrat-

ed source.




An alternate method would be to compare total counts as determined with
any suitable scintillation counter. 1f other radioisotopes are present, the

preferred method would be by a gamma spectrometer and least squares

analysis. This methodutilizes principles as described in Applied Gamma-

Ray Spectrometry by C. E. Crouthamel, Ed., PergamonPress, New York,
1960.
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CROSS CALIBRATION OF Csl CRYSTAL COUNTERS

by
S. Posner

INTRODUCTION

Cross calibrationto evaluate efficiencies and''dead-time' factorsfor
three counting systems in use by the Aerosol Physics Department was

necessary since the data from these systems are used interchangeably.
The three counting systems are:

1. A 47 counter utilizingmethane gas and RadiationInstrument

Development Laboratory (RIDL) components.

2. A 27 Nuclear Measurements Corporation (MNC) No. 3 PC

P-10 gas counter.

3. A 1inch x 5 millimeter Csl crystal used with RIDL counting

components.
PROCEDURES

Several 47 films of each nuclide of interest were prepared. Those
nuclides which required time to reach equilibrium after preparationwere
stored in a vacuum bell jar for a proper time interval before counting.
After 47 counting, half of the films were transferred to filter backings
and half to 22 mm. glass cover slips. This was necessary to simulate
actual age when samples from inhalation exposure units are collected on

glass cover slips.

Both ''cover slip" samples and MPAA samples were counted on the
27 counter and the Csl counter and then recounted with the faces taped with
paperbacked tape. This was done to simulate actual use when the expo-

sure chamber filters and cascade impactor cover slips are '""sandwich"

18




taped. These studies were attempted to evaluate the efficiency loss due

to the '""taped sandwich',

»
EXPERIMENTAL WORK
%
The actual physical experiment was quite elementary and was per-
formed as follows:
1. 47 counts were performed on the sample;
2. Sample films were transferred to either a filter or a cover slip;
3. Samples were counted "open face' taped onto the Csl crystal;
4. Samples were counted '"open face'" taped into the 27 counter;
5. Efficiency was computed for 47 versus Csl counters and 47
versus 27 counters;
*
6. Dead time factors for the 47 and 27 counters was computed
< and the proper correction was plotted,

RESULTS AND CONCLUSIONS

Based upon the data in Tables 1 and 2 the following conclusions were

made.

1. Paperbacked tape covering samples may effect 27 efficiencies

by 10 to 45 per cent.

2. The effect upon efficiency of filter backing versus glass back-
ing is significant for certain nuclides of interest to this Pro-

gram, particularly Cs-144, Sr-90 and I-131,

3. Effect of '""tape sandwich'' on counting directly with CsI crystals

is not significant.

4. Dead time factors on both 27 and 47 counters are quire import-

ant.

19




Table 1

PER CENT EFFICIENCY

Open Face Tape Sandwich
Isotope Csl 27 Csl 27 r
Y-91 2.7 65.0 2.7 51.6
Ru-106 2.3 56.7 2.4 42.9
Sr-90 2.4 63.5 2.5 49.3
I-131 1.7 66.3 1.55 30.9
Co-60 - 58. 4 - 14.7
Ce-144 - 60. 1 - 39.8
Ce-144 - 52.1 - 31.8
Cs-132 1.8 62.8 1.6 33.1
” <
"Average of four films, both glass and filter backing.
: 4

20
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A COMPUTER PROGRAM FOR ANALYZING ANIMAL HISTORIES
by
R. W. Albright, L. H. Mallory and W. R. Kerzee

A. Objectives

This computer program is designed:

1. To be a long term depository for all medical treatment and

observational data accumulated on individual animals.

2. To help with the routine functions of animal colony management

by:
a. scheduling routine work;
b. controlling work in progress;
c. reporting facility activities.

3. To retrieve and analyze data of interest to the Research and
Veterinary Staff in estimating population parameters for normal and
experimental animals.

4. To retrieve appropriately selected sections, or complete indi-
vidual animal histories, for the Department of Veterinary Medicine, or

for inclusion in interdepartmental reports.

B. Accomplishments to Date

Data acquisition has been organized to completely parallel the
normal flow and content of information required by the Department of
Veterinary Medicine. Work orders initiated as instructions to caretaker
and technical personnel are typed in stylized format on a Friden Flexo-
writer. Results from work initiated by work orders, and reports of other
work accomplished, are similarly prepared. A stylized format for data

preparation has been designed to require a minimum of coding at the
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origin and yet to incorporate all the features required for automated

storage and retrieval. (See Item Code Chart, Table 1.)

Acquisition of the work order information for computer processing
is accomplished by daily input of punched paper tape from the Flexo-
writer. Medical records pertaining to the canine colony are extracted,
edited, processed and added to the current and permanent history files,
which have been generated by the computer facility. By updating the
medical history files daily, for subsequent sorting and merging with pre-
viously accumulated medical histories, the Department of Veterinary
Medicine is able to realize a short '"turnaround time, " thus improving

the efficiency of operations.

Simultaneously with the updating of animal histories, information
from the history file is collected for issuing work orders, for routine or
periodic examinations or observations due for scheduling, and for re-

porting work orders till incomplete and overdue.

C. Present Status

Implementation of the initial phase of this system, on objectives i
and 2, is complete. The remainder of the system, objectives 3 and 4,
will be implemented in FY-1966. Much of this is still in the planning
stage and will require more definition in order to design the automated

system.
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A COMPUTER PROGRAM FOR ANALYZING
DISTRIBUTION, EXCRETION AND RETENTION DATA
by
R. W. Albright

Acquisition of counting data from the automated radioactivity deter-
mination system has been a reality for almost two years. Data genera-
tion in the first full fiscal year of operation has achieved about one third
the rate anticipated at optimal operation. Approximately 200, 000 count-
ing records were collected during this interval, about 70 percent being
from excreta and tissues obtained with the automated readout system.
Although an additional readout system for small animalwhole body count-
ing has been acquired, it is not yet operational for routine recording of

experimental data.

Punched paper tape from the automated data acquisition system is
currently being forwarded to the computer facility at two or three day
intervals. A complete listing of these records, as stored in the computer,
is returned immediately to the counting laboratory for editing. (This
phase of the operation has been found necessary because the reliability
of this system has been below desirable levels.) Corrections are listed
on data sheets and returned tothe computer center for keypunching with-
in a week of the counting. As previously mentioned, these records
comprise the entirety of the excreta and tissue counting data from the

Fission Product Inhalation Program.

Whole body counting data are accumulated in counting books through-
out a week and are sent to the computer facility. The record sequencing
conventions for both modes of data collection are identical, as is the
record format. This not only facilitates data processing but achieves a
uniformity of operation in preparation for the forthcoming automation.
Keypunching of this informationis normally accomplished within two days,

roughly coinciding with completion of preparation of corrections to the
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paper tape records already entered for the previous week.

Since the whole body counting data requires no pre-editing to elimi-
nate errors similar to those introduced by the automated system, a
week's records canbe transferred to the countingdata file with corrections
being simultaneously incorporated; and permanent, sequential identifica-
tion numbers can be assigned. At this time a listing with the permanent
identification numbers is printed. Any further correction of records (for
a given counting date) requires reference to these identification numbers;
and any correction results in preparation of a new listing which reports
only the current records for that date. This counting data file is consid-

ered the primary data file, and it is safeguarded from inadvertent

destruction.

Continuing with the description of the initial weekly processing of
counting data, all experimental records for those dates are extracted
from the entire collection (which contains calibration and background
counting also); and are completed with the counter constants (background
rate and counter efficiency), for the appropriate counting unit as well as
the isotope decay rate constant. Also, the counting date, collection date
for excreta specimens and sacrifice data for animal tissues are reduced
to day post-exposure records for the particular experiment. The required
form for corrections for decay is applied at a later date, as well as that
for ordering the experimental records. Data checking for a variety of
conditions required for valid processing in later reduction is made at this
time, and diagnostic messages for those records with detected errors
are printed. After sorting into order by experiment number, animal (or
cage)number and day post-exposure (or tissue number) a listing for each
cage or animal active in this period is also prepared. This provides a
quick visual check of information for internal consistency on a day-to-day
basis. An additional correction cycle is now performed, identical to the
above but instead of reproducing the printed listing for each experimental
cage or animal, the informationis merged into the recordsto await com-
pletion of the experiment. The records accumulated for a given experi-/

mental cage or animal are reduced and analyzed at the request of the
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experimenter.

The first six months of FY-65were mostly concerned withprocessing
the backlog of counting records which had accumulated before the B-5000
computer configuration was completed. This latter has a punched paper
tape input with adjusting operating procedures and programs to correct,
or circumvent, errors introduced by malfunction of the automated read-
out system. Since interpretation of each counting record is dependent
upon information within the record itself, file maintenance problems of
an unpredictable nature arose which greatly exceeded those which had
been anticipated. A minor redesign of some record structures was re-
quired to accommodate the expanded data ranges when information from
dog exposures was phased into the program. This necessitated the intro-
duction of a pre-editing phase for records from the automated data col-
lection system. The basic processing procedure, as designed remained
essentially unaltered. Other record modifications are also needed in
order to eliminate restrictions in operating procedures at the counting
laboratory. These changes will preclude ambiguity in data identification,
and consequently improve data quality. Due to the considerable program
maintenance required to effect these alterations, however, they have been
deferred until the requirements for computer processing of multiple

isotope counting data will have come into being.

During the second half of FY-65 reduction of experimental data was
of primary concern. Normally the daily counting records for any animal
cage in retention experiments, consists of counts from; 1) an empty,
clean cage, 2) a clean cage after animal transfer, 3) urine collected, and
4) feces collected. Provision for combining partial samples of urine or
feces, adjusting for several days excreta combined into a single sample
and, in the case of dogs, an experiment to correct counter efficiency as
a function of sample weight are included in the reduction program. Also,
if recleaning of a cage is required because of excessive contamination,
only the final empty cage count is accepted. For any exp;rimental record
the following steps are required; 1) computation of counts per minute,

2) subtraction background count rate, 3) testing for significance of sample
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count rate above background count rate, and 4) conversion of net count
rate to disintegrations per minute. For excreta samples, corrections

are made for isotope decay from date counted to date collected.

After processing the records for a single day the empty cage radio-
activity is subtracted from that of the full cage and the ratio of the two is
computed. The printed report also shows these quantities after correction
for decay to day of exposure. To obtain the ratio of radioactivity in the
excreta to the whole body, excreta rates are divided by the number of
days which had elapsed since the last sample was collected. The printed
reportalso givesthe comparable values after correction for decay to day
of exposure. Also, the urine and feces disintegration rates after correc-
tion to day of exposure are accumulated to give the total radioactivity

accounted for in excreta for the duration of the experiment.

Tissue records for a given experimental animal are reduced in a
similar way and samples of canine tissue again require a counter effi-
ciency correction for sample weight. For each tissue the total radio-
activity, radioactivity per gram, percent of initial whole body burden and
percent of initial whole body burden per gram are corrected to date of
sacrifice, and to date of exposure, for presentation on the printed report.
The reduced data, disintegrations per minute corrected to day of experi-
ment for retention and excreta and to day of exposure for tissues, are
merged into a file of experimental results which summarizes all infor-

mation obtained. These are used as input for all subsequent analyses.

The data reduction program described above has had considerable
productive usage. Also operational, but not yet finally integrated is the

sum of exponential curve fitting for retention data.

~ A preliminary program for reduction of background and calibration
counting data with graphical presentation was also completed in FY-65.
The designwasunfortunately ofa restricted formand lacked the generality
and flexibility required for analysis of calibration data, where complete
characterizing parameter values were not available in advance of reduc-

tion. Itappears that reduction may require analysis analogousto retention
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experiments for estimating the half-life of anisotope from empiricaldata.
If calibration data are to be useful in computing counter efficiencies, the
study of a particular standard must precede reduction of experimental

counting records referred to it.

Completion of programs required for all analyses mentioned should
be operational before the end of the current calendar year. It appears
that the redesign specifications for acquisition and reduction of multiple
isotope exposure data will also be concluded. Thus computer program
design and implementation can be started early in 1966. Of course, the
necessity for maintaining compatibility with data collected prior to con-
version to the B-5000 will pose problems not previously encountered; as
will the requirement for continuous processing of information throughout

the transition period.

Also planned for early 1966 is the automated acquisition of respira-
tory function data for all small animal inhalation exposures. Data will be
placed on magnetic tape which will be transported to a central analog to
digital conversion system at the computer center,.for subsequent reduc-
tion on the digital computer. At the same time simplified data collection

forms for other experiments will be implemented.
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A PATHOLOGY REQUISITION-REPORT FORM
FOR EXPERIMENTAL USE WITH COMPUTER CODING
by
T. L. Chiffelle, R. K. Jones and J. K. Scott

A combined requisition-report formhas been devised for general use
in laboratories where tissues are submitted to a central pathology labo-

ratory for evaluation. The ultimate purpose of the form was:

1. Tofurnishall necessaryinformation concerningan animal experi-
ment, including all experiment numbers, animal numbers, type of experi-

ment, pertinent clinical information, and the gross examiner's findings.

2. To serve as a convenient system for cataloging and compiling

results within the pathology department.

3. To supplya promptand readabler esume’ of the anatomic findings

to the requesting laboratory.

4., To providea system of 'open- ended" coding of anatomic findings

suitable for central computer input.

In order to encourage complete submissionof important numbers and
other experimental information by the examiner, the form was de81gned
to provide for convenience and simplicity in use. A uniform entrance of
bits of information is desirable, especially when animal dissections or
tissue samplings are performedby many individuals of severallaboratory
sections.

The use of computer memory storage and retrieval has become a
valuable and time saving method of integrating and summarizing results

from several laboratories engaged in the same series of experiments.

Initially, in our institution, all animals acquired are assigned reference
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numbers (by the Department of Veterinary Medicine). These are not
duplicated and conveniently serveas a master index number for computer
data storage. For internal convenience, however, individual laboratories
usually assign their own experiment and accession numbers which have
meaningful significance to the series being dealt with. For efficient use
of computer storage, however, the latter numbers are related to the

original primary reference number assigned to the animal.

Some forms of analytical data, such as biochemical analyses on
blood sera are readily reduced to a system of numerical values which
can easily be stored oncomputer tape. The problem of converting path-
ologic descriptions and anatomic diagnoses to a code suitable for
retrieval and categorization is difficult to solve, unless the range of
anatomic variations and pathologic diagnoses canbe restricted. However,
when the limits of possible variations are unpredictable, the task of
designing a computer code system of sufficient flexibility or '"open-

endedness' becomes formidable.

The recently published Systematized Nomenclature of Pathology
(SNOP-Code) by the Committee on Nomenclature and Classification of
Disease of the College of American Pathologists (First Edition, 1965)
seems to have overcome much of the difficulty in coding and classifying
pathologic diagnoses. This well organized classification has beendevel-
oped over a six year period, and has had extensive trial evaluations in
many laboratories. Primarily designed to assist in organizing and
utilizing medical pathologic material, the coding system has sufficient
flexibility to be of significant value in storage and retrieval of data from
research laboratories. In effect, diseases are defined into four general
areas of information (Topography, Morphology, Etiology, and Function),
groupings which reflect certainnatural relations. Within any one of these
four groups, terms are assigned a four-digit number. The most useful
feature, particularly to the experimenter, is the flexibility, or "open-
endedness, ' either between individual items, or between narrow subclas-
sified categories. Thus, the code is capable of being continuously

expanded to meet the needs of advancing knowledge.
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To increase this flexibility two simple modifications have beenlocally
introduced. The first is to expand the four-digit entries in each group to
five digits, thereby increasing the limits of new entries between each
basic number by a factor of ten. In addition, we have added a fifth gen-
eral category with a designation "Phase Modifier' into which another four
or five digit numbering code is entered. This latter code number may be
further subdivided into twin two-digit, or into two and three-digit systems
designed to give free expression to the anatomist in qualifying the mag-
nitude of the pathologic changes, or the distribution of the lesions which
he finds. This is particularly important when the interpreter is concerned
with quantitating the observed changes. The details of the fifth categor-
ical classification can rather easily and arbitrarily be established by the
individual experimenter to suit his particular needs. Depending on
whether a four or five—digit number is chosen for this latter group, a
choice of 1,000 to 10,000 qualifying entries is possible. This is proba-
bly more than sufficient for most needs. An example of a useful phase

modification code is presented below.
PHASE MODIFIER-P

5th Category

00 . 00
00 NOS* .00 NOS
01 Focal 01 Questionable significance
02 Multiple 02 Trace
03 Diffuse 03 Mild
04 Acute 04 Moderate
05 Subacute 05 Severe
06 Chronic 06 Small (<30p)
07 Early repair 07 Medium (30u to 100p)
08 Late repair 08 - Large (>100y)

+NOS: Not otherwise specified.

The left-hand twin-digit column qualifies the nature and/or distribution
of the lesions; the right twin-digit column denotes degree or dimensions

of lesions. By extending the classification of each twin column, one can
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cross-reference the items listed (by example) in each. Thus, a lesion
of multiple distribution inan organ or tissue can be designated as "acute,
subacute, or chronic, etc." To avoid confusion, the established arbitrary
code should be acceptable and understood by all sections which use it. It
should be noted that in some sections of the SNOP-Code, phase modifiers
have already been coded and entered into the four-digit system of the
4 categories. Thisappliesparticularly tothe manytypes of inflammation.
However, there are other types of coded changes which have no such
means of expressing degree or magnitude of change. Thus, the fifth and
last group provides the examiner with this expression. No attempt will
be made to elaborate upon the details of handling the SNOP-Code in the
first 4 categories since this has alreadybeen well described in the intro-
duction to the published volume. One further advantage ofthe SNOP-Code '
is that perhaps for the first time, pathologic diagnoses and descriptions
can be given a uniform code number which will be understood by a variety

of laboratories.

To facilitate in the dissection and description of the various tissues
submitted, the combined "Requisition-Report' formwas designedas shown
in Figure 1. The final form resulted from many trial variations. Many
factors were evaluated to suit the needs of the laboratories concerned.
Essentially, it is divided into four major sections. The first, or top four
lines, document the identification numbers of the animal, laboratory code,

‘date, species, age, sex, and experiment. The pathology index code num-
ber and the accession number are added after the material has been
received by the Pathology Department. All other information on the form
is supplied by the originating laboratory. The second section (Examiner's
Findings and Comments) provides for the gross examiner's positive
findings, and any other comments pertinent to the clinical condition of
the animal, or to the nature of the experiment which may be necessary
for interpretation. At the extreme right side of the form, running verti-
cally, a check-off list is provided to indicate the tissues or samples sub-

mitted. Special items not included in the list may be designated at the
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PATHO

LOGY

ANIMAL / VET. MED.

NUMBER

EXPERIMENT
CobDE NUMBER

PATH. SERIES
INDEX NUMBER

PATHOLOGY ASC.
NUMBER

SPECIES:

AGE:

SEX:

DATE

YEAR DAY OF YEAR

ORIGINATING
LLABORATORY

|SOTOPE

AFTER
DAYS
EXPOSURE

SERIES

SACRIFICE

DIED

DosE

SERIES

LLONGEVITY

SACRIF.

EXAMINER'S FINDINGS AND COMMENTS:

(USE REVERSE $IDE FOR ADDITIONAL SPACE)

SKIN

BREAST
THYMUS
LymMPH NODES
SPLEEN

BLoob
MARROW
BoNE
MUSCLE
ADIPOSE

PATHOLOGY DIAGNOSIS:

LARYNX-TRACHEA
BRONCHUS

LUNG

HEART

BLoob VESSEL

TEETH

TONGUE
SALIVARY GLD.
TONSILS
ESOPHAGUS

STOMACH
DUODENUM
ILEUM
CoOLON
LIVER

GALL BLADDER
PANCREAS
KIDNEY
URETER
URINARY BLAD.

SNOP CODE
T

10

34

URETHRA
PROSTATE
SEMINAL VES.
TESTES
VAGINA

UTERUS
FALLOPIAN T.
OVARY
PLACENTA
FETUS

PITUITARY
ADRENAL
THYROID
PARATHYROID
PARAGANGLIA

BRAIN

NERVE
EYE-ORBIT
EAR-MASTOID
SINUSES




bottom. The third section of the form (Pathologic Diagnosis) is intended
for the histopathologic description and list of anatomic findings. The
latter are customarily numbered in order of importance. The fourth and
last section of the form has been arranged in columns corresponding to
the four major groupings of the SNOP-Code plus the fifth ""Phase' modi-
fier. Thus, column "T'" stands for Topography, "M' for Morphology, "E"
for Etiology, and "F'" for Function. The ascending numbers in the left
column correspond to the numbered pathologic diagnoses elaborated upon
in the sectionabove. Where allocated space is insufficient for de scription,
the information is continued on the reverse side of the form, or on addi-

tional attached pages.

Coded information supplied on the form may be readily entered into
computer storage. Key-punch operators enter the pertinent information |
in the first section of the form, and then enter onlythe pathologic diagno-
ses from the fourth section of the form. If desired, it is also possible to
enter, by code, the tissue lists in the right-hand column. The master or
standard animal reference number always appears in the extreme upper
left box of the first section. With this arrangement the pathology infor-
mationis available for retrieval and program reduction by anyone for inte-
gration with his own data. Upon completion of the report, Xerox copies
can be made and submitted to the individual laboratories for their imme-

diate use. An example of such a completed form is shown in Figure 2.

The Requisition-Report form is printed on a relatively heavy grade
of 8-1/2 by 11 inch paper (60 1b — "Moistrite" offset book paper, Mead
Paper Corporation) which will withstand considerable abuse, and which
is capable of Xerox copying on both sides without "show-through.' This
paper is also suitable for pencil and ink notations without bleeding. For
convenience, the forms are bound into pads of 100 sheets each with three-
hole punches on the extreme left margin for insertion into standard three-

ring notebooks. Printing costs are modest.

Printed anatomic drawings of soft tissues and the skeletal system

accompanying the Requisition-Report form enhance accuracy of gross
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ANIMAL / VET. MED. EXPERIMENT PATH. SERIES PATHOLOGY ASC.
NUMBER Cope NUMBER INDEX NUMBER NUMBER seecies:  Rat
642625 135-58 3 S-67-A Ace: 290 sex: M
DATE AFTER
YEAR | DAY OF YEAR Eﬁ;‘é’éﬂé’;ﬁ ISOTOPE G, 90 + Sr. 85 | ox28%5ke | % Sg‘g‘;'sc'i Diep
65 98 RB DosE 253 LOSNEif:;TY x | SACRIF.
EXAMINER'S FINDINGS AND COMMENTS: (5] SKIN
Animal sacrificed in dying state; body temperature depressed; || BREAST
secretions around eyes; labored breathing. Red cell count 4,5 | *| THYmus
million; hematocrit 28. 3; buffy coat 14. 7; hemoglobin 11.2 gm; | X| LymPH NODES
MCYV 62.6; MCHC 39.5; MCH 24.7. Leukocyte count 564, 000, X| SPLEEN
nearly all granulocytic series. Examination showed a typical | %) BLoop
picture of chloroma leukemia. WAll lymph nodes are markedly | X| MARROW
enlarged and of deep olive green coloration. Cervical, thoracic, | X| BONE
abdominal, and pelvic lymph nodes share in this enlargement. || MuscLE
The spleen is markedly enlarged, weighing 7 gm and measuring ADIPOSE
74 mm in length and 24 mm in maximum width, Liver is of usual | X| LARYNX-TRACHEA
| shape but enlarged and weighs 21.5 gm,. _(USEREVERSE SIDE FOR ADDITIONAL SPACE) BRONCHUS
PATHOLOGY DIAGNOSIS: | x| LUNG
1. Leukemia, chronic granulocytic, Sr-isotope, with wide spread | x| HEART
infiltrates in tissues, sparing brain, testes, salivary gland. BLoop VESSEL
Max. infiltrates in spleen, L.N., bone marrow, kidneys, || TEETH
liver, lungs, and prostate; patchy small infiltrates in G.I1. T.,l_|ToneuE
retina, thyroid. 4/5 of pituitary replaced; basilar meninges |X| SALIVARY GLE.
involved. Chloroma. | | TonsiLs
2. Lymphadenopathy. x| EsoPHAGUS
3. Splenomegaly. | x| STOMACH
4. Acute suppurative, confluent, lobular pneumonia; suppurative | x| DuoDENUM
tracheobronchitis. | x| ILEUM
5. Focal marrow necrosis. | x| CoLoN
6. Focal glomerulo-sclerosis. x| LIVER
7. Erythroid metaplasia in liver, kidney, ‘spleen. || GALL BLADDER
x| PANCREAS
-X KIDNEY
; URETER
<r| URINARY BLAD.
SNOP CODE . | x| URETHRA
T M E F P | x| PROSTATE
. | x| SEMINAL VES.
11 0500 9867 5271 | x| TESTES
. - | VAGINA
2 0800 7200 || UTERUS
. FALLOPIAN T,
s | 0800 7200 || ovary
’ | PLACENTA
4 2800 4121 0205 FETUS
_X PITUITARY
5 0600 5401 5271 | X| ADRENAL
| X| THYROID
6 7100 5331 0103 | x| PARATHYROID
PARAGANGL!A
7 0600 7783 | x| BRAIN
NERVE
8 | Eve-OrsIT
| EAR-MasTOID
o || sinuses
10 :
L




dissection observations. Sketches and specifications of lesions are made

directly on the drawing; examples of the form for rats are shown in Fig-

ures 3 and 4.

The forms have been well received by the participating laboratories
and have proved to be a convenient method of maintaining and recording
data and to be a distinct convenience to the pathologist in maintaining

information in an orderly form as he reviews the histologic material.
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URANYL NITRATE-MONTMORILLONITE CLAY EXCHANGE

by
S. Posner and J. Bennick
INTRODUCTION
The successful ion exchange of certain fission products (Ce-141, Sr-
90, Cs-137, Ba-La-140, Ru- 106 and Y-91) to prepare insoluble aerosols
prompted an inve stigation and evaluation of the possibility of exchanging
uranylions with clay particles. It was thought that adsorption onto sphero-
idized clay particles to encapsulate the uranyl ion was practical. Then it
was deemed feasible to irradiate this material toproduce a mixed fission
product aerosol. This possibility of using irradiated uranyl ion and clay
was more attractive for the following reasons: ‘ ‘
1. It eliminated the necessity of burning irradiated uranium .
metal to prepare mixed fis sion product aerosols.
2. It eliminated redesigning existing equ1prnent for aerosol
production in the animal exposure units.
3. It remained with a common carrier for insoluble aerosols.
EXPERIMENTAL WORK
Early laboratory attempts using natural uranyl nitrate subsequently
irradiated were very encouraging. These initial tests indicated that:
Uranyl ion would exchange with the clay.
2. Heat required for encapsulation did not effect uranyl ion
retention in the clay particles.
3, Irradiation of the clay beads produced the expected fission .

l,

products for the exposure time in the Omega West Reactor .

“Omega West Reactor at Los Alamos, New Mexico
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Because of the favorable results itwas decided to prepare some sam-

ples using enriched uranyl nitrate.
EXPERIMENTAL PROCEDURES

A 1. 0% by weight solution of uranyl nitrate (45% enriched) was ex-
changed with 12.5 mgs. of 0.05 yu clay particles. After 24 hours the ex-
change was terminated, the clay particles were encapsulated, washed

twice, dried thoroughly, then prepared for irradiation at Omega West.

Irradiationtime for this experimentwas limited to 12 hours since the
exact amount of uranyl clay exchange was unknown. Results of this test
will be used to plan further experiments. After irradiation the material
was evaluated by two different methods, gamma - ray spectroscopy and
alpha particle activity. The amount of uranyl ion exchange with the clay
was calculated by determining the La-140 and subsequent determination
of Ba-140. Oncethe amount of Ba-140 is determined, the original amount
of uranyl ion adsorbed by the clay particles canbe approximated (Appen-
dix I).

This preliminary experiment indicated an uptake of uranyl ion by clay
of 26%.

FUTURE EXPERIMENTS

One limitation of this procedure is the amount of U-235 that may be
irradiated in the Omega West Reactor (50 mgs. U-235 per sample). Ini-
tial contacts have been established at the SERF reactor (Sandia Corpor-
ation) which can handle larger quantities of enriched uranyl ion clay part-
icles. Future studies will include evaluation of particle size versus up-
take of uranyl ion, evaluation of the amount of fission product buildup for
several time intervals in the reactor and finally, pilot runs of the resul-

tant aerosols in the animal exposure units.
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APPENDIX I

CALCULATION OF URANYL ION UPTAKE IN CLAY

La-140 1.6 mev y-activity as of 0800, 9/4/64 is equivalent to
1. 01 yuc La-140.

Total La-140 activity is 1. 07 yc at t = 0.

6.3% of all fissions produced a Ba-140 atom which decays with
a half-life of 12.8 days to La-140 (half-life 1.675 days).

If AB
o

at t is:

is the Ba-140 activity at t = 0, then the La-140 activity

-ALit
e

)

_ _.693 -1 _ -1
)\L = -1—.%—7?- daYS = . 414 days

_ . 693 -1 -1
)\B = —I—ZT daYS = 054 daYS

- -. 054t -.414A
AL— 1.149ABO (e -e )

For t = 14 days (after irradiation)

AL = 1. 149ABO (.47 - .003) =. 539ABo

AB =1.99 uc
o
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4.

Let w

number of mgms. of uranyl ion in the irradiated sample,
Let f = number of fissions/hr/gram of natural uranium.
Then the activity of Ba-140 formed in 12 hours of irradiation is:

1.05 x 10™0 wi (o™ 5 ¥ - 054

AB
o

)d/m

4.73 x 10~ 13

x .027wfuc

1.274 x 10" 4 wiuc

For natural uranium, f = 6, 06 x 1013gm. “lhr, “land:

ABo = 0.772wuc

w = AB /.0772 = 1.99/0.772 = 2.58 mgms. uranylion
o

Weight of clay was 12.5 mgms, indicating an uptake of uranyl ion of

20. 6% by weight.
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A BACTERIOLOGICAL SURVEY OF COMMERCIALLY
AVAILABLE LABORATORY RATS
by
J. H. Sherrod and E. Kinter

This preliminary survey was initiated in an attempt to find a com-
mercial source of rats with a minimal incidence of chronic respiratory
disease (CRD). A bacteriological survey of the lungs, upper respiratory
tract and middle ear of rats from various suppliers was conducted. Sev-
eral organisms "found in respiratory tracts and middle ears of rats have
been reported, notably work by Nelson™ in wh1ch virus and mycoplasmas

(PPLO)were incriminated. In his earlier work Streptobacillus monili-

formis was also discussed as an etiological agent of CRD.
METHODS

Animals were randomly selected from each shipment and bacterio-
logical samples were taken initially from the lung, trachea, pharynx and
middle ear. Organisms were inoculated on blood agar plates, Trypticase
Soy Broth (Baltimore Biological Laboratory, Baltimore, Maryland) and

PPLO media, thenpicked to pure culture. Routine identificationwas made.
RESULTS
Listed in order of predominance are the organisms isolated from ship-

ments from eight different suppliers:

{. TPasteurella pneumotropica (confirmed by Communicable Disease

Center, Atlanta, Georgia (CDC).

2. An unidentified small gram-positive bacillus having culture char-

acteristics suggesting Erysipelothrix spp.

3. Pseudomonas sp.




4. Pasteurella gallinarium (confirmed by CDC).
5. Diplococcus Pneumoniae
6. Clostidium perfringens

Flavobacterium sp.

This laboratory has been unable to isolate PPLO from these commer-
cially available animals. It has been noted that the gross appearance of
purulent material in the middle ear and macroscopic lesions in the lungs
were not consistent with isolation of the organisms. In several animals
showing no gross lesions, organisms were isolated from these organs.

Isolation of bacteria, notably Pasteurella pneumotropica, was made from

more of the middle ear samples thanfrom lungs of the same animals. The
trachea and pharynx cultures were discontinued after lack of discovering

significant differences in the isolates from those found in the lung.

It is emphasized that possibility of environmental exposure and in -
fection during shipment cannot be ruled out. Infection of these animals
in transit, from human sources, is a definite possibility and during the

next year it is planned to expand this study.
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LABORATORY RODENT CARE PROGRAM
by
H. C. Redman, J. H. Sherrod, F. A. Malone and E. Kinter

INTRODUCTION

The purpose of this program is to provide the best professional care
available for the experimental laboratory rodent colony that is being uti-
lized to studythe biological effects of the inhalation of mixed fission pro-
ducts. Proceduresfor the basic care andmanagement of these laboratory
rodents has been published elsewhere. ! These include the routine daily
care and feeding, observation, medical care, sample collection and inven-
tory of the colony. During the time period 1 July 1964 to 30 June 1965,
3454 laboratory rodents have been processed through these standard iso-
lation procedures. They have been used for longevity, effects, distribu-
tion and excretion, and deposition studies. As of 30 June 1965, the colony
contained 930 experimental animals and 500 within the breeding and stock

colony.

All rodents assigned to the lifespan colony are weighed and examined
individually every two weeks. At this time there are 550 animals in life-

span studies, and this number has increased throughout the year.

Routine fecal examinations for Salmonella sp. withinthe commercially
supplied laboratory rodents are conducted upon arrival at the facility.
Specimens are taken from each cage which houses either one guinea pig,
two rats or six mice. There have been 1897 examinations during the year
with no positive isolations. This program for surveying the animals has
been conducted to prevent the spread of and/or increase in the amount of

Pseudomonas within the colony. There was a noticeable decline in the

number of positive cultures duringthe last three months of the year. Peri-
odic examinations are being made of equipment utilized withinthe labora-

tory rodent colony as a check on the degree of sanitation being obtained
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by the washing procedures. The method utilized for routine Pseudomonas

cultures follows.

Pseudomonas Culture:

1.

The inside of a drinking tube or inside of the lid of a water bot-
tle is swabbed using a sterile swab. (Q-tip type or applicator

stick.)

The swab is placed in Wensinck media (glycerol broth). 2

Glycerol 1% (w/v)
Difco Proteose Peptone 1.5%
K

ZHPO4 0.04%
MgSO, - TH,O 2.0%
FeSO4 0.001%

The pH is adjusted to 7.5 before sterilization at 120° C for 15

minutes. The medium is filtered and sterilized again at 110° C

for 10 minutes.

Examination is made for blue-green pigment in 72 hours. (If no
color is apparent in the tube a chloroform extraction is made
prior to declaring it a negative culture.) Blue-green pigment

indicates Pseudomonas.
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USE OF NITROFURAZOLIDONE TO CONTROL
PASTEURELLA PNEUMOTROPICA INFECTION IN RATS
by
J. H. Sherrod and E. Kinter

This study was initiatedto evaluate the use of nitrofurazolidone (Fur-
oxone by Eaton Laboratories, Norwich, New York) in rats. The use of
this drug incommercial guinea pig feed (Cali Pellets by R. Cali and Bro-
ther, Cupertino, California) suggested the possibility of using itas a means

of controlling Pasteurella pneumotropica in rats.

To test this, 0.0055 per cent was added to the drinking water of a

group of 24 rats infected with Pasteurella pneumotropica. A control group

of 24 unmedicated rats infected with this organismwas used for compari-
son. Two experimental and two control animals were sacrificed at one-
week intervals. Culture samples were taken of the lung, middle ear,

intestine, and cecum.

A change in intestinal flora was observed in the experimental group

beginning with the first week. No Pasteurella pneumotropicawere isolated

after that time, however, Diplococcus pneumoniae was isolated throughout

the entire study. Although this method of treatment reducedthe incidence

of Pasteurella pneumotropica markedly, it was ineffective in reducing the

incidence of chronic respiratorydisease. In particular, the gram-positive

organisms associated with this condition showed no reduction.
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DOG CARE PROGRAM

by
H. C. Redman, J. H. Sherrod, W. F. Jordan and N. Pollock

The basic care and management of the dogs in this colony has been
published elsewhere. ! This includes routine care and feeding, daily ob-
servation, medical care and assistance in collection of biological samples
for other Departments. The colony inventory on July 1, 1965 was 544
beagles; 56 on long term experiments, 70 for breeding, 356 less than one
year of age and 62 adults on short term studies. An annual examination
is performed on each dog at 12 months (+ 2 weeks) of age and thereafter
on its birthdate. It consists of a physical examination (Tables 1-4) and
a standard s-et of diagnostic X-rays (Tables 5,6). The forms shown in
Tables 1-4were designed for both ease of use during the physical examina-
tion and simplicity of input tothe Foundation computer for storage, future
retrieval and analysis. The result of each segment of the examination is
circled on an entry made in the allotted space. Entries may be numeric
values, narrative, or coded data. Code systems are presently used for
location of abnormalities (Figures 1-5)and dental examination (Figure 6).
The 56 physical examinations on dogs entering the lifespan studies have

shown no important abnormalities.

In additiontothe annual physical examination, clinical tests are per-
formed throughout the year to assess the general health and care of the
breeding and puppy colonies. These examinations are performed on a

routine schedule; details and results to date are presented below.

URINALYSIS
Procedure:
1. Sample Collection:

The sampleis collected by compression, catheterization or from the

51



w >

s

L.
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TATTOO NO.
TYPE
1. Semi-annual
2. Annual
3. Special
SEX M F
DATE - yr. day
HOUR AM.
WEIGHT. g
BODY TEMPERATURE °F
PULSE RATE
RESPIRATION
1. Rate/minute
2. Depth
a. decreased
b. normal
c. increased
3. Character
a. normal
b. abnormal
1) description____
CONFORMATION
1. Normal
2. Abnormal
a. description
GENERAL CONDITION
. Comatose
. Extremely poor
. Very poor
Poor
Poor to fair
Fair
. Fair to good
Good
. Good to excellent
. Excellent
TEMPERAMENT
1. Normal
2. Abnormal
. nervous (slight}
. nervous (moderate)
. nervous (very, but cooperative)
. nervous (very, uncooperative)
. aggressive
vicious
docile
. lethargic
other

t
COEND U W N

RO B0 TR

[e)

1. Thin, very

2. Thin, moderate
3. Thin, slight
4. Normal

5. Obese, slight

6. Obese, moderate

7. Obese, very

MEASUREMENTS

1. Length cm
2. Height cm
3. Width (Thorax)
4. Depth cm
HAIR LENGTH

1. Head cm
2. Thorax cm
3. Neck em
4. Axilla cm

S.

TABLE 1

PHYSICAL EXAMINATION

. Abdomen

cm

. Back

Front legs

. Hind Legs
. Tail

[N R R

HAIR TEXTURE
1. Normal
2. Abnormal

a. very fine

b. fine
¢, coarse
d. very coarse
. other

cm
cm
cm
cm

e
HAIR CONDITION
1. Normal
2. Abnormal
a. oily
b. dry
c. shedding
d. other

GREYING
. Absent
. Generalized
Head
Chin
Muzzle
Neck
. Thorax
. Axilla
Abdomen
10. Back
11. Legs, front
12. Legs, hind
13. Tail
SKIN
1. Normal
2. Abnormal
a. Nonparasitic Dermatitis
1) acute inflammation
2) chronic inflammation
3) pyogenic dermatitis
4) seborrheic dermatitis
5) allergic dermatitis
6) eczematous dermatitis
7) manifestation of systemic
disease
8) alopecia
9) color abnormality (hair)
10) hyperpigmentation
11) depigmentation
12) hyperemia
13) jaundice
14) depilitation
15) broken hair
16) sebum
17) skin adema
18) sub-cutaneous emphasema
19) hypertropy
20) abnormal odor
21) dry
22) macules (spots)
23) papules (pimples)
24) nodules
25) urtica (wheal)
26) vesicle
27) pustules

CHRNP U B WP
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28) excoriations
29) rhayades
30) ulcers
31) scabs (crusts)
32) scales (squamae)
b. Parasitic dermatitis
1) acariasis
a) demodex
b) sarcoptes
2) dermatolycoses
a) microsporum
b) trichophyton
3) other
c. Location
d. Severity
1) very mild
2) mild
3) severe
4) very severe
WOUNDS
1. Absent
2. Present
a. location
b. condition
NEOPLASIA
1. Absent
2. Present
a. location
b. characteristic
NODES
1. Right madibular
a. normal
b. abnormal
1) characteristic————————————
2. Left madibular
a. normal
b. abnormal
1) characteristic.
3. Right parotid
a. normal
b. abnormal
1) characteristic
4. Left parotid
a. normal
b. abnormal
1) characteristicemo — — —————
5. Right prescapular
a. normal
b. abnormal
1) characteristic
6. Left prescapular
a. normal
b. abnormal
1) characteristic
7. Right axillary
a. normal
b. abnormal
1) characteristic
8. Left axillary
a. normal
b. abnormal
1) characteristic———M8 ——
9. Right superficial inguinal
a. normal
b. abnormal
1) characteristic—e0—-———————




AA.

BB.

CcC.

10.

11.

12.

13.

Left superficial inguinal
a. normal
b. abnormal

1) characteristic
Right popliteal
a. normal
b. abnormal

1) characteristic
Left popliteal
a, normal
b. abnormal

1) characteristic
Other
a, normal
b. abnormal

1) characteristic

UDDER CONDITION

1.

Development
a. infantile
b. slight

¢. moderate
d. complete
e. extra large

PERINEAL AREA

1.
2.

Normal
Abnormal
a. enlarged anal pouches
b. perineal irritation
c. perineal hernia
1) unilateral
a) right
b) left
2) bilateral
d. inguinal hernia
1) unilateral
a) right
b) left
2) bilateral
e. other

RECTUM

1.
2.

Normal
Abnormal
a. condition

TAIL

1.
2.

Normal
Abnormal

a. condition

FEET

1.
2,

Normal
Abnormal
a. condition

NAILS

1
2.

Normal
Abnormal
a. wear
1) slight
2) heavy
b. torn
¢. missing
d. other

VULVA

. Anestrus (normal)

. Proestrus {slight enlargement)

. Proestrus (enlarged)

. Proestrus (enlarged, hemorrhage)
. Estrus (enlarged, hard, no

discharge)

. Metestrum (enlarged, soft)
. Abnormal vaginal discharge

DD.

EE.

FF.

TABLE 2

8. Post-gestational discharge
9. Other

TESTICLES
1. Normal
2. Abnormal
a. retained
1) right
2) left
3) both
b. increased size
1) right
2) left
3) both
decreased size
1) right
2) left
3) both
d. orchitis
1) right
2) left
3) both
e. other

o]

PENIS
1. Normal
2. Abnormal
a. phimosis
b. paraphimosis
c. balantis
d. balanoposthitis
e. infantile
f. other

OPHTHALMOLOGIC
1. Orbit
a. normal
b. abnormal
1) characteristic
2. Eyeball
a. normal
b. abnormal
1) exophthalmos
2) enophthalmos
3) hydrophthalmos
4) other

3. Conjunctiva
a. normal
b. abnormal
1) mild inflammation
2) moderate inflammation
3) severe inflammation
4) other

4. Ocular discharge
a. absent
b. present
1) serus
2) purulent
3) other

5. Eyelids

a. normal

b. abnormal
1) blepharitis
2) skin lesion
3) ptosis
4) trichiasis
5) distichiasis
6) wounds
) scar
8) entropian
9) ectropian

TATTOO NO.
6. Membrana nicitains
a. normal
b. abnormal
1) harderian gland
inflammation
a) acute
bj chronic
2) other

Form v-22

c. removed
. Lacrimal duct
a. normal
b. abnormal
1) stenosis
2) inflammation

-

3) other
8. Cornea

a. normal
b. abnormal

1) keratitis

2) pigment

3) ulcer

4) foreign body

5) other.

9. Anterior chamber
a. normal
b. abnormal
1) hypopian
2) keratitic precipitates
3) hyphema

4) other
10. Iris

a, normal
b. abnormal

1) iritis

2) iridocyclitis

3) coloboma

4) anterior synechiae

5) posterior synechiae

6) other.
11. Lens
a. normal
b. abnormal
1) iridodoneses
2) luxation (posterior)
3) luxation (anterior)
4) cataract
5) other

12. Retina
a. normal
b. abnormal
1) tapetum lucidium anomaly
2) tapetum nigrum anomaly
3) other

13. Reaction of Pupils
a. normal
b. abnormal
1) condition
14. Degree of vision Rt. Lft.
a. normal 1) 2)
b. impaired L) [
c. blind 1)

2)—

GG. BUCCAL CAVITY
1. Lip upper
a. normal
b. abnormal
1) lesion




HH.

IL

N

Lip lower
a. normal
b. abnormal
1) lesion
. Tongue
a. normal
b. abnormal
1) lesion
4. Cheek
a. normal
b. abnormal
1) lesion
. Hard palate
a. normal
b. abnormal
1) lesion
6. Soft palate
a. normal
b. abnormal
1) lesion
7. Pharynx
a. normal
b. abnormal
1) lesion

w

w

8. Tonsillar tissue

a. normal
b. abnormal
1) lesion
GUMS
1. Normal
2. Gingivitis
a. slight
b. moderate
c. marked
3. Receding
a. slight
b. moderate
c. marked
4. Hyperplastic
a. slight
b. moderate
c. marked
DENTITION
1. Normal

2. Tartar accumulation

a. slight
b. moderate
c. marked

. Periodontal disease

. Absent
. Broken

. Other

. Other

. Other

3
4
S
6
7. Other
8
9
h

TABLE 3

Tooth
27 35
28. 36. —
29 37
30 38
3 3%
322_ 40 -
33 41
34 42
JJ. NOSE
1. Normal

2. Abnormal
a. discharge
1) serus
2) mucus
3) muco-purulent
4) purulent
5) epitaxis
b. other
KK. AURICULAS Rt. Lft.
1. Normal a) b)
2. Abnormal
a. condition
LL. EXTERNAL ACOUSTIC MEATUS
Rt.

Lft.
1. Normal a) b)
2. Abnormal
a. otitis externa
1) degress
a) slight a b
b) severe @ b
2) condition
a) acute a b—
b) chronic @ b
3) etiology
b. other
MM. AUDITION Rt. Lft.
1. Normal a) b)
2. Impaired al) b)
3. Deaf a) b)
4. Other a) b)

NN. THORAX
1. Percussion
a. animal uncooperative
b. normal
c. abnormal
1) posterior border
displacement
a) anterior
b) posterior
2) increased resonance
a) generalized
b) localized
a location —Mm —————
3) decreased resonance
a) generalized
b) localized
a location —m™— ———
2. Auscultation
a. animal uncooperative
b. animal obese
c. normal
d. abnormal
1) vesicular sounds
a) increased
a generalized
b localized
1) location— ——————
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b) decreased
a generalized
b localized
1) location . —
2) bronchial sounds
a) increased
a generalized
b localized
1) location — —— ————
b) decreased
a generalized
b localized
1) location — ——— ———————
3) adventitious sounds
a) dry rales
a generalized
b localized
1) location —  — ————
b) moist rales
a generalized
b localized
1) location——— —————
¢) crepitant rales
a generalized
b localized
1) location. . — e
d) pleural rales
a generalized
b localized
1) location  —— — ————
e) other
a generalized
b localized
1) location— —————
00. CARDIOVASCULAR
1. Auscultation
a. normal
b. abnormal
1) description . —————
2. Palpation (precardial area)
a. normal
b. abnormal
1) description — ———r———
3. Femoral pulse (simultaneous
femoral arteries)
a. normal
b. abnormal
1) description —————————
PP. ABDOMEN
1. Size
a. normal
b. abnormal
1) enlarged
2) other
2. Percussion
a. normal
b. abnormal
1) increased resonance
a) generalized
b) localized
(1) location————
2) decreased resonance
a) generalized
b) localized
(1) location——_
3. Palpation
a. animal uncooperative
b. animal obese
¢. normal




3. Palpation
d. abnormal

» 1) abdomenal sensitivity

a) generalized

b) localized

(1) location

- 2) foreign mass

a) location

b) description
3) other

4. Auscultation
a. normal
b. abnormal
1) hypomotility
2) hypermotility
3) other

QQ. NEUROLOGIC REFLEXES
1. Spinal reflex
a. flexar reflex
1) normal
2) abnormal
a) description

TABLE 4

b. knee jerk
1) normal
2) abnormal
a) description
¢. extensor thrust reflex
1) normal
2) abnormal
a) description
2. Attitudinal reflex
a. tonic neck reflex
1) dorsal head flexion
a) normal
b) abnormal
(1) location
2) ventral head flexion
a) normal
b) abnorinal
(1) description
3) side head flexion
a) normal
b) abnormal
(1) description

TATTOO NO.

Form V-22

4) tonic eye reflex
a) normal
b) abnormal
(1) description

. supporting reactions

1) normal
2) abnormal
a) description

. righting reaction

1) normal
2) abnormal
a) description

. placing reaction

1) normal
2) abnormal
a) description.

. hopping reaction

1) normal
2) abnormal
a) description

RR. COMMENT
|

© O N O ! s N

o

~
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TABLE 5

STANDARD RADIOGRAPHIC SURVEY

Thick Dist

Position Region (Cm) (in) KVP MA SEC
1. D-V Chest * 40 * 200 1/15
2. D-V Abdomen ' * 40 * 200 1/15
3 Lat. Abdomen * 40 # 200 1/15
4, Lat. Chest % 40 % 200 1/15
5. vV-D Hip * 40 * 200 2/15
6. D-V Skull .- 40 68 200 1/20
7. Lat. Skull ———- 40 68 200 1/20
g. R. Oblique Skull -——— 40 68 200 1/20
9. L.. Oblique Skull -—— 40 68 200 1/20
10, Lat. Front Legs _——— 40 55 200 1/2
11, Leat. Rear Legs -———- 40 58 200 1/2
12. D-V Front Legs —_——— 40 55 200 1/2

#* Technique Chart utilized
1-9 Bucky utilized

10-12 Nonscreen film utilized
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TABLE 6

100

90

TECHNIQUE CHART
STANDARD DIAGNOSTIC X-RAY SERIES

KVP

40 74

30

57



N-PIOI-WA 1 d9ndHid
€101 198{0id 9"V —'IdeQ UIdIpON KJ0unIe}oA — $IINOLVHOBY 1 NOILYIVHNI $12n00ud NOISSId
¥3BNNN 900 SU0ISe™) {DUIRIXT JO UO|40207T] 10} sifoeg jo dow PO |09|ydoiBodoy
9%-8 ov-8 ge-8 0¢-8 c2-8 02-8 Gi-8 01-8 s-8 08
62-v 4300 jsusu 62-V
] h /
n.o v q 1\ e2-v
| |
\i
\ \,
02-v /A oe-v
M~ V
! ///
) — » J“ \
Si-v ci-v
" / p Al
[ {
\
O. v \ ’ ¥ o_|<
/ N
L& o
G-v / = S-v
~ —
N L / /
)) el 4
N ol A |V
o-v L} o
9v-8 ov-8 Ge-8 og-8 Ge-8 02-8 Gi-8 ol-8 G-8 0-9

HONV3IS3Y PuD NOILYONG3 TVOIQ3W 20} NOLLVANNOL 30VI3A0T

58




¢ Hd9NDIA

9-¥101-NA
€101 490foid "D'3'VY —"ideq SuUINPEW AIDULIRISA — SIHOLYHOSY NOILV IVHNI S1ONQ0¥d NOISSI4
¥ISNNN 500 SUOIS®T) |DOUJBIXT JO UOI}DI0T 40} eiBDeg jo doW plig ip31ydosbBodoy
9¢v-a ov-a S¢-a 0¢g-q Se-a 02-a Si-a 0ol1-a S-a 0-0
4408 NOSWINI
€2-2 — . 62-
Y
1 %
G2-9 ..\ » Ge-
T 1\ ]
/AR
&N
02-2 ™ \ oz-
\ Pad By
3 \ \\\\ J./
s O e ™
Si-20 k X M Gl-
(AN \
} Yy N
R
i K
Ol-3 Y [o]]
AN \
] ~ A,
o
/ /]
\‘l 3 \ /
6-9 [l A T T~ 4 1 .
N /
N \ T
NUANEEPIE
~N o~ \\
0-2 _ o
9%-a ot-a Se-a 0¢-a Gge-a 0¢-a Si1-a o1-a S-a 0-a

HOYV3S3Y PuDd NOILVONA3 TVOIG3W 20 NOILVANNOS 3OVI13AOT

59




J-¥I0I-NA

¢ JY¥NOId

£101 198f0id "0'3°¥ — "1deQ SUIIIPON KioupieisA — SIIHOLVEOBYT NOILVIVHNI S1O0NG0Hd NOiISSId

HIBNNN 900
GlI-H Ol-H G-H O-H
62-9 4409 NOSYINI €2-9
N
N
4
62-9 \ ! / ge-9
\
| 1
02-9 \ 02-9
/ N
Nv’ L
)\
G1-9 \ ad Gl-9
01-9 / o1-9
\ N, vd
\ /
\ et [ [/
N3 LELS
3 \
6-9 R n. 69
w\
N
0-9 0-9
Si-H Oi=H G-H O-H

SUOISeT] |DUIeIX] JO UO1}DI0T IO} oiboeg 0 doW p1i9 1031ydpabodoy

Gi-4 ol-4 g-4 0-4
62-3 4408 _zo:u:u- 62-3
|| A
\
g2-3 \ g2-3
\
: ! W
02-3 ) 02-
5 VIR 3
\ N EEA
\ |
=N
G1-3 ¥ Si-3
RN
JARRNERNE
y \
-\ //
f
o1-3 £ I\ f oI-3
Al g /
\ / 4
N || et
) CINR .
g-3 f X3 c-3
r |}
0-3 0-3
Gi-4 ol-4 g-4 0-4

HONMVYIS3Y PuD NOILYONQ3 IVOIG3W 404 NOLLYANNOS 30VI3A0T

60




0-¥101-NA

¥ ZunNdId

€101 1dsloud "3'3'Y — "jdeQ SUIDPOW AIOULINISA —SITINOLYNOBYT NOILYIVHNI S19NA0Hd NOISSid
SUCISET |OUJBIX] 30 UO|40007 40} eiBoeg jo dow pli19 (0a1ydosbBodo)

¥3IBWNN 904
9¥-r [o] 224 se-r oe-r ge-r oe-r Si-r ol-r S-r o-r
W—l_ 4400 NOSNINI w_l_
/]
- fl \\_\ L -
=] ST
\ P ﬂ L
= F 3 ™ o
ol-l = 2 -l
AL ESEENELEEGE YN
KR 4 SRR
Z -3 2 ".NH £ ] \\w prrpee /
h [ £ ARHERAN =
s =,
c-1 WK S Z I -1
= - - >IN\
— ™~
0-i 0-1
9p-r ob-r sg-r og-r g2-r oz2-r Gi-p ol-r g-r o-r

HJY¥V3S3Y Pud NOILYONA3 IVOIG3INW 40} NOILVANNO4 3JOVIIAOT

61



g HYNDIA

3-vI01-WA C101 100loid ‘03 —'148Q SUIZPOW KiDULISJeA — SIIHOLVHOBYT NOILYTVHNI SL1ONGOHd NOISSId
HIGNNAN 9040 SUOISeT] |DUISIXT JO UOHDI0T Jo} eiBoeg jo doW PLO |091ydoabdodoy
261 S¥-1 ov-1 S 0g-1 G2-1 02-1 Si-1 011 S-1 oy
wmlp- »E-
g
H
t \]’,
m. 1] o
]
L AL
X /
~C /
—S2-M 1 G2~
N
MR ()
UHAN i i
d b ! M -
-402~-) llr \%‘ \_\ - ﬂ L _ONAV. =
b punrt o L ot o™ A\
|| 3 IR i 5Wv
M | [ i X)
N [+ " T
G- = = 1
§ - 5 1 ~
F v P ]
VL
-1 O1-M 1 Ol-%
/ v ¥
- P N
= N
—4G-M A G-
A / |
Tllx 0-)
2% Sp-1 ob-1 cEn ogAl g 02 §ia 0i-1 $ o\

HONV3S3Y PUD NOILYONA3 VIIQ3N 40) NOILVANNOS 3DVI3A0T

62




DENTITION OF BEAGLE

PALATINE PROCESS OF
MAXILLA

RIGHT MAXILLA

L 45

2M 1M 4PM 3 2 | I 2I 3T C IPM2PM 3 4 IM 2M
PM PM PM PM PM

2| 22 23 24 25 26 27 28293031 32 33 343536 37 38 39 40 41 42

3M 2M IM4PM3PM 2 | C 3I2I 1T 1T 21 3L CIPM 2 3PM 4 IM 2M 3M

I - INCISOR
C — CANINE

PM - PREMOLAR
M - MOLAR

MANDIBLE
PROCESS

emerson goff

FIGURE 6

63



cage. The method of collection is recorded.

2. Gross Urinalysis:

a. Specific gravity - the urineis measuredin a Clay-Adams midgit .
urinometer and read tothe closest 0. 001 between 1. 000 and 1. 045.

b. pH - a Combistix (Ames Company, Inc., Elkhart, Indiana) dip~- -
stick is used which readstothe nearest 0.5 between 5.0 and 9. 0.

c. Sugar - a Combistix dipstick is used with measurements deter-
mined from negative to 4+. All positive Combistix sugar tests
are checked with Clinitest (Ames Company, Inc., Elkhart, Indiana)
tablets.

d. Albumin - a Combistix dipstick is used with measurements from
negative to 4+. All positive Combistix albumins are checked with
sulfasalicylic acid. Equal parts of urine and 3% sulfasalicylic
acid are mixed andthe turbidity is estimated from negative to 4+.

e. Acetone - one drop of urineis placed on an Acetest tablet (Ames
Company, Inc., Elkhart, Indiana) and the results read from nega-
tive to 4+.

£, Bilirubin - two ml of urine are overlaid on 2 ml of fuming nitric
acid (Gmeling's test). A multicolored ring at the junction of acid
and urine indicates the presence of bile.

g. Occultblood - a Guiac -tab(Cambridge Chemical Products, Dear-
born, Michigan) is placed on filter paper. Two drops of urine
are placed on tablet followed by 2 drops of glacial acetic acid
and 2 drops of 3% hydrogen peroxide. Green to blue color on the

filter paper indicates the presence of occult blood.

3. Microscopic Examination:

Urine is placed in 12 ml tubes and centrifuged 5 minutes at 1500 rpm.

The supernatant is discarded, the residue mixed and a drop examined

under a cover slip for formed elements.

a. Low power - casts and epithelial cells are looked for and it is
determined if casts are hyaline, coarsely or finely granular, .

WBC, RBC or other, and the number of casts per low power field
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is reported.
b. High power ~ RBC, WBC, bacteria, crystals and kidney cells
are looked for and the number or amount per high power field

is reported.

NOTE: If color or character of urine appears abnormal it is noted on the

report; awareness should be made of fecal contamination.

PROGRESS REPORT

These procedures have been used on the 56 beagles in the long term

experimental study and onthe 70 adult dogs received for breeding and D &

E studies. The data obtainedto date onthese dogs appearednormal; routine

urinalyses will be done on all exposed dogs.

FECAL EXAMINATIONS

Procedure:

1.

Reagent: Zinc Sulfate (ZnSO4
to 1.22 is used. This is prepared by adding 416.2 gm ZnSO4 . 7HZO
to a 1000 ml volumetric flask. Distilled water is added, 100 ml at a

. 7HZO solution) of specific gravity 1, 18

time, untilchemicalis dissolved, then q.s. to 1000 ml and allowed to
cool. More water is added if necessary after cooling. To test the
specific gravity 100 ml of the above solution is weighed and should

range between 1.18 and 1.22 gm/ml.

METHODS

Fecal samples are collected in plastic bags. Zinc sulfate solution is
addedtothe fecesin a2 or 3:1 ratio and they are emulsified, strained,

and poured into a plastic disposable test tube.
These are centrifuged 3 to 5 minutes at 2000 rpm.

The tube is removed and sufficient zinc sulfate added to bring the

convex-meniscus over the top of the tube.

A 22 x 22 mm cover slipis placed on the top of each tube and allowed
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to stand 10 to 15 minutes.

5. After standing, the cover slip and clinging liquid are placedon a slide

for microscopic examination. .

6. Slides are examined under both low and high power for ova identifi-

cation.

7. Parasites are rated at 1+, 2+, 3+ and 4+ (14, 0-1 perlow power field,
2+, 1-3 per low power field, 3+, 4-6 per low power field, 4+, 6 to

too many to count).

Rectal Swabs on Unweaned Puppies for Ova and Parasites

Procedures:

1. Each puppy inthe litter is rectally swabbed with a cotton-tippedappli-
cator soaked in 0. 9N NaCl.

2. All swabs are placed in 1-2 ml ZnSO4 solution (Sp. gr. 1.20) forl5

to 30 minutes.

3. Utilizing a 10 x 75 ml test tube a standard flotation is performed.

Baermann Technique for Strongyloides Larvae

Procedure:

1. A glass or plastic funnel with a diameter of 4inches or greateris set
up in a funnel rack with a short piece of rubber tubing attached and a

hemostat closing the tubing.

2. A paper and gauze straining funnel, 6 inches in diameter, is placed

inside.

3. The funnel is filled with distilled water to alevel covering 2/3 of the

gauze and a specimen of fresh stool is placed on the gauze.

4. After standing at roomtemperature for 5-7 hours afew drops of liquid

are removed from the tubing and examined microscopically for larvae.
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PROGRESS REPORT

Table 7 presentsthe degree of infection as determined by the number
of fecal samples that had ova or larvae present after processing through
the proper procedure. This is based on 4591 fecal examinations. The
percentage of positive samplesis higher than desired but canbe explained
on the basis that 70 ""outside' dogs were brought in for establishment of

the breeding colony. The high percentage of Toxocara canis resulted from

the large number of positive flotations found on weanling puppies, this
parasite being transmitted by placental transfer. The larval migratory
stage of this helminth and its ability to be reactivated during periods of
stress, such asinpregnancy, is evidence for this. 2 Monthly fecal exami-
nations and selective treatmenthave reduced this infestationin the colony
during the past year. Table 8 presents the percentage of dogs that were
positive for one or more internal parasites during the month of May 1965,
It is divided into the FD dogs which were obtained from outside sources
and LF dogs which have been raised here at the Laboratory. The data
are based uponfecal examinations on 132 FD and 328 LF dogs. The ma-
jority of LLF dogs upon which fecal examinations were performed were
puppies from newborn to one year of age. Because of the high percentage

of Toxocara canis infection in weanling puppies, fecal flotations are cur-

rently being performed during the first six weeks post partum. Fecal
samples are being obtained by rectal swabs, a more reliable technique
than attemptingto collect fecal samples from withinthe cage. It is antici-
pated thatthis procedure will reduce the incidence of this parasite by virtue
of early detection. This is of prime importance in order to reduce the

stress to the developing pup.

The highincidence of Uncinaria stenocephala and Ancylostoma caninum

is accounted for by the large number of positive flotations from dogs pur-

chased from outside sources.

In December 1964, the rabidaform larvae of Strongyloides stercoralis

were foundinthe fecal flotations of several litters. Positive diagnosis was
made by extracting the suspicious fecals using the Baermann technique and

culturing the extract in peat moss until all living forms, except the free
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TABLE 7

Positive % of Sample
Parasites Fecal Positive
Toxocara canis 248 5.4
Toxascaris leonine 101 2.2
Isospora sp. 82 1.8
Uncinaria stenocephala 26 0.6
Ancylostoma caninum 49 1.1
Trichuris vulpis 20 0.4
Strongyloides stercoralis 61 1.3
Totals 587 12.8
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living male, were identified. As recorded in Table 7, there were 61
positive determinations for this larva. These were from 10 dogs pur-
chased from outside sources and 51 puppies from 21 litters. During the
month of February 1965, all animals within the colony had a fecal exami-

nation for Strongyloides stercoralis performed by one zinc sulfate flotation

and three consecutive Baermann analyses. Larvalforms of this organism
were detected in 39 dogs on the original zinc sulfate flotation, 15 dogs on
the first Baermann analysis, 7 dogs on the second Baermann analysis and
no dogs on the third Baermann analysis. All of the infected dogs, their
dams and cage mates, were isolated in one kennel. These animals were
treated daily for 30 days with 10 ml of Dithiazanine Iodide (Dizan, Corvel,
Inc., Omaha, Nebraska) per pound body weight., They were clinically
examined each day during this period and no determinable side effects
were observed. Fecal flotations and Baermann extractions following this
treatment have indicated no reinfestation of the animals as of this date.
Of the 21 litters in which there was infestation of the larva, none of the

dams of these litters were positive for the larval form of this organism.

ESTRUS EXAMINATIONS
Procedure:

1, Materials.

The bottom 30mm of al3 x100 mmtest tube are etcheduntil opaque.
The tube is then placed into an autoclaving envelope and sterilized

before use.

2. Technique.
a. Thetesttubeisinserted about 40 mm intothe vagina of the bitch,
rotated and withdrawn.
b. Immediately the vaginal material adhering to the tube is rolled
onto one or two slides,
c. The slides are allowed to air dry and then stained with Wright's

stain before examining.
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3. Examination.

The slide is examined to determine the following stages of the repro-

ductive cycle:

a. Proestrus
This stage extends from the first appearance of blood from the
vulva to the time of first acceptance of the male. The duration
of this period is from seven to nine days. On examination the
slide shows few or noleukocytes, the epithelial cells are cornified
and there are numerous erythrocytes.

b. Estrus
This is the period of acceptance of the male and may vary from
five to twelve days, averaging about nine. The slides show an
absence of leukocytes and fewer erythrocytes than in proestrus,
Cornified epithelial cells stain dark with indistinct nuclei and
are vacuolated and disintegrating. They appear in the form of
boat cells. Bacteria may be present. The bitch is readyfor
breeding.

c. Abnormal Condition
Duringthe estrus periods several slides should be examined for
pyometria or vaginal infection. Such infections would be character-
ized by alarge number of granulocytic leukocytes, superimposed

upon the normal picture of estrus.

PROGRESS

With information obtained from vaginal smears, it has been possible
to maintain the colony breeding efficiency above 90%, with minimal usage
of the studs. These smears have helped in the early detection and treat-
ment of vaginal and uterine infections and have prevented loss of a number

of breeders due to metritis.

71



REFERENCES

{. Redman, H. C. and J.- H. Sherrod, "Management Procedures for
Animal Colonies Serving the Fission Product Inhalation Program, ' .

AEC Research and Development Report, LF-24, 1965.

2. Morgan, B. B. and P. A. Hawkins, Veterinary Helminthology,

Burgess Publishing Co., Minneapolis, Minnesota, 1953.

72




INVESTIGATION OF THE CAUSES OF PRENATAL
AND EARLY POSTNATAL DEATH IN BEAGLES
by
H. C. Redman

INTRODUCTION

For any long term investigation it is necessary to utilize an animal
that is in good health, and it is important to have this animal biologically
assessed periodically from birth to death. The fission - product studies
require the production of the 300 beagle dogs per year and therefore it is
necessaryto maintain a breeding colony of approximately 60 adultfemales.
From a scientific and economic standpoint it is important to investigate
continually the causes of death in the newborn pups. Previous studies
have been conducted on a limited basis, t-4 and have indicateda veryhigh
mortality during the first 48 hours. These investigations have documented
causes of death arising from stillbirth, congenital malformations, pneu-
monia and early accidental deaths. Mortality within these colonies varied
from 16 to 42 per cent. Hopefully, with the determination of causes of
death in the newborn, preventive steps can be taken to reduce the mor-

tality rate to a minimum.
METHODS

An investigation intothe causes of death was initiated in the breeding
colony in September 1963, but the colony then was small and had limited
production until May 1964, When a pPuppy died a gross post mortem ex-
amination was performed as soon as possible by a veterinarian. Tissues
were collected and sent to the Department of Pathology for foutine histo-
pathological examination. These consisted of heart, lungs, liver, kidney,

intestine and, with discretion, other tissues or organs. Bacteriological
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cultures are routinely obtained in order to determine the bacterial flora
present in the hope that these might be related to causes of death. Sec-
tions of heart, lung, liver, kidney and bladder are now also being rou-
tinely screened for viruses. Additional future studies are anticipated for
immunological investigations of the bitch and puppy for more prevalent
canine diseases, e.g., canine distemper, infectious canine hepatitis and

leptospirosis.
RESULTS

Presented herewith are results of investigating the first 91 litters.
Table 1 gives the beagle production rate and in Table 2 the causes of
death are noted using absolute and percentage figures. These were de-
termined onthe basis of medical history, gross post mortem examination
and histopathological examination. The age at death is tabulated in Table

3.
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Table 1

BREEDING COLONY PRODUCTION

Number of Number Number of Dogs
Litters Whelped per Litter
91 473 5.2
Number Number Number Weaned
Died Weaned per Litter
73 400 4.4

Percentage of mortality to weaning 15.49%




Table 2

PUPPY MORTALITY TO SIX WEEKS OF AGE

(91 Litters)

Number of Percentage
Cause of Death Deaths of Mortality
Parturition
Dead Birth 4 5.5
Incomplete Pulmonary Expansion
and Suffocation 24 32.9
Maternal Trauma 4 5.5
Congenital Anomalies
Cleft Palate 2 2.7
Didactylism (abnormal pharynx) 1 1.4
Patent Ductus Arteriosus 2 2.7
Infection
Pneumonia (all causes) 11 15.1
Omphalophebitis 7 9.6
Accident 2 2.1
Other (toxicity) 6 8.2
Undetermined 10 13.7
73 100, 0
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Table 3

PUPPY MORTALITY TO SIX WEEKS OF AGE

(91 Litters)

NUMBER OF PERCENTAGE
AGE AT DEATH DEATHS OF MORTALITY

[SM)
o

Less than 24 hours 43.
1 day
2 days

days

days

B R N 0N~ 0

3
4
5 days
6 days
7 days
8 days
9 days
10 days
11 days
12 days
13 days
14 days
15 days
16 days
17 days
18 days
19 days
20 days
21 days
22 days
23 days
24 days

6
4
9
2
1
1
0
0
0
2
0
4
2.7
0
2
0
2
2
1
0
0
0
0
0
25 days 1

= O O O O O = VIV O N O N WO N O O O© m - N 3 W U
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Table 3 (cont.)

NUMBER OF PERCENTAGE
AGE AT DEATH DEATHS OF MORTALITY

26 days
27 days
28 days
29 days
30 days
31 days
32 days
33 days
34 days
35 days
36 days
37 days
38 days
39 days
40 days
42 days

Over 6 weeks

OOk, OO0 0 0O 0O 0O 0 0 0O O O o o O
O M, O 0O 0O O O O O O O o O o o o

0
KN

100.0

~
w
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ISOLATION OF A PASTEURELLA SPECIES FROM
BEAGLE PUPPIES AND BROOD BITCHES
by
J. H. Sherrod and E. Kinter

INTRODUCTION

A species of Pasteurella was isolated from specimenstaken at gross
autopsy of puppies surveyed in an investigation of the causes of neonatal
deaths in beagles, These animals revealeda significantly higher than ex-
pected incidence of patent ductus arteriosis and other greater arteryano-

malies. Since the publications of Jawetz describing Pasteurella pneumo-

1:1'opica,1 there have been other reports of finding this organism invarious
. 2- . . . . s
animals. 5 However, very little has been published on its detection in

dogs6 There have been no publications found that implicated Pasteurella

spp. as an etiological agent of heart and blood vessel anomalies, Studies

have been published on neonatal death and greater vessel anomalies with
-1

various causes attributed from congenital defectsto viruses? 8 Nothing

in these papers suggest the etiology to be Pasteurella pneumotropica.

METHODS

Puppies: Particular emphasis was givento sampling the heart muscle
and valves, the patent ductus arteriosis (if present) and lining scrapings
of the greater arteries for bacferiological culture. Routine cultures were

also taken from the lung,liver, kidney and gastrointe stinal tract.

Maternal bitches: Vaginal swab cultures were taken from animals

showing metritis, prolapsed vagina and abnormalvaginaldischarge. Pla-

cental cultures were obtained.

Males: Preputial swab cultures were taken from several male dogs

of the breeding colony.
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Culture procedures: Cultures were inoculated to blood agar plates

and Trypticase Soy Broth (Baltimore Biological Laboratory, Baltimore,
Maryland) tubes. Organisms were picked to pure cultures and routine

identifications made. Confirmation of Pasteurella spp. was made by Miss

Elizabeth King of Communicable Disease Center (CDC), Atlanta, Georgia.
RESULTS

An organism culturally like Pasteurella pnelimotropica was isolated

and confirmed in 26.8% of 41 puppies autopsied. Patent ductus arteriosis
of varying degrees of severity (admitting free passage of probes from 3
cm. to 10 cm, in diameter) was found in 15 of this group of animals. Iso-
lations of this organism have been made from the placental stump of the
umbilical vein and samples of the cut surface of the vascular portion of
the placenta., Histological sections of tissue from puppies from which this
organism was isolated showed areas of clumped bacteria, Polymorpho-

nuclear (PMN) infiltration and connective tissue proliferation.

This same Pasteurella organism has been isolated in all 95 vaginal
cultures of bitches in proestrus, as well as inall of 39 postpartum vaginal
cultures from bitches in the breeding colony. In addition, this organism
hasbeen isolated in sixproestrus cultures from bitches outside the breed-
ing colony.

Isolation of this organism has been made in 27 cultures from bitches
showing hemorrhagic vaginal discharge. Among the clinical conditions
exhibited by these animals were metritis, vaginal prolapse, perforated
laceration of the vaginal wall and hemorrhagic discharge during gestation.
So far, this organism has not been isolated from any of these bitches dur-

ing anestrus.

A greater predominance of this organism in bitches was observed to
be in direct relationship to the amount of macroscopic blood in the vaginal

discharge.

Coital contamination cannot be ruled out in the preputial isolations

made,
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CONCLUSIONS

It would seem possible that this Pasteurella spp. is involved in the

etiology of a high incidence of patent ductus arteriosis and other greater
vessel anomalies. Further investigation is now being conducted todevelop
a serological identification and screening test; studies are alsobeing made

to determine an effective clinical treatment.
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INVESTIGATION OF PUPPY DIARRHEA IN BEAGLES

by
J. H. Sherrod and E. Kinter

This investigation was initiated to study a clinical hemorrhagic diar-
rhea observed in beagle puppies shortly after weaning. This diarrhea is
accompanied by a loss of weight, decreased appetite and general unthrifti-
ness. Ingeneral, this syndrome closely resembles calf scours of Escheri-

chia coli origin which suggested the possibility ofthis being a contributing

factor.

METHODS

In an attempt to determine if Escherichia coli had pathogenic poten-

tialities indogs, a series of fecal cultures were taken from puppies show-
ing diarrhea with macroscopic blood. Fecal samples were inoculated to
blood agar plates, Eosin Methylene Blue, EMB, (Difco Laboratories,
Detroit, Michigan) and Trypticase Soy Broth (Baltimore Biological Lab-
oratory, Baltimore, Maryland). Numerous picks were made for pure

culture. Cultures were checked with Escherichia coli OB polyvalent an-

tisera groups A and B used for identification of pathogenic types predomi-
nant in humans. Those showing agglutination were verified by chemical
reactions. Further attempts were made to identify the O group by use of

live and boiled antigens.

PROGRESS REPORT

The majority of the 156 cultures examined have shown agglutination
in the polyvalent B group. There have been several cultures which appear.
to agglutinate both groups equally well. With the antisera used, it would
indicate a common B group. As yetwe have been unable to determine the

specific O groups involved in these episodes.
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A literature search has been made and has revealed no evidence of

serotypes most commonly found in dogs (see Bibliography).

Investigation is continuingto identify the specific antigenic groups of

Escherichia coli in these animals. Consideration is also being given to

isolation of other possible causes of puppy diarrhea.
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ARTIFICIAL INSEMINATION IN THE BEAGLE
by
J. H. Sherrod, N. Pollock and M. Wilson

PURPOSE AND METHODS

The purpose of this study is to extend the use of the limited number
of available studs inthe colony and to bring into use other studs adequate-
ly tested but not formally introduced into the colony. Two studs te sted
for fertility and proven sires by natural breeding were selected for use;
one was a colony stud and the other was from outside the colony. Six
bitches were bred during the year in two separate attempts at artificial
insemination. The semen ejaculate was collected in a sterile glass tube
by means of manual manipulation of the dog's penis after he was teased
with a bitch in estrus. Immediately following collection a small sample
of the semen to be examined was removed from the tube. A plastic cap
was placed on the tube and the remainder of the sample was placed in an
80° F. waterbath until the bitch to be inseminated was readied and placed
onthe table. As soon asthe bitch was placed on her backon an examining
table, the semen sample was removed from the test tube and 2 ml of undil-
uted semen was placed in a sterile syringe. To the syringe was attached
an 18-inch long bovine insemination catheter constructed of plastic. With
the use of speculum, the cervix was exposed and the catheter inserted in-
to the cervical vestibule. The entire content of the syringe was deposited
inthe uterus with as little pressure as pos sible to avoid back leakage into
the vagina. After withdrawing the catheter and speculum the bitch was

held on her back with hindquarters elevated for five minutes.

RESULTS

None of the inseminations resulted in pregnancy in the bitches. One

explanation for the first failure was the use of a stainless steel insemina-

tion catheter instead of the plastic one presently employed. Subsequent
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tests with these catheters proved that upon contact with metal motility of
the sperm quickly ceases. In the second attempt, unproven bitches were
used and it is possible that the bitches were temporarily or permanently

sterile.

Hopefully, continuation of this work during the coming year using
selected proven bitches, semen expanders and buffers, will prove suc-

cessful.
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PRELIMINARY INVESTIGATION OF THE USE OF
ELECTRICAL ANESTHESIA ON BEAGLES
by
J. H. Sherrod

This study was initiated to find a suitable method of re straining ani-
mals during inhalation exposure to various aerosols. It was alsodesirable
to find a method (with minimal adverse effects) for use in restraining ani-
mals for routine clinical and radiographic examination, particularly in
debilitated or aged animals that would not tolerate sedation with clinical
anesthesia. Reports of the use of electrical anesthesia in dogs and other

animals suggested that this might satisfactorily serve our purpose.

Trials were conducted using two types of apparatus. The first, fabri-
cated in our laboratory, delivered pulses superimposed on a direct cur-
rent (dc) of like polarity. The second, manufactured by Electronic Medical
Instrument Co., Loveland, Colorado, delivered sinusoidal alternating

current (ac).

Various electrode placements were tried on the heads of animals:
1) bitemporal; 2) frontal-occipital; 3) palatine-occipital and 4) orbital-

occipital.

Preliminary results have been encouraging; in over 200 successful
attempts the ac unit has given more consistent results than the pulse-dc
combination. However, the electrode placement is apparently one of the
most important success factors. Midline frontal-occipital location of the
electrodes has given the best results. Clinical - surgical anesthesia has
been achieved using final current settings averaging 16 milliamperes with
an average frequency of 3200 cycles-per-second ---- depending upon the
individual animal. The mosteffective method of attaining anesthesia with
the acunit has beento alternately increment the current from zero and the
frequency from 2000 cycles-per-second. When care is exercisedin these

rates of increase, muscle spasms, respiratory arrest, defecation and

91



urination are not a problem. However, it must be pointed out that the
conventional indexes of surgical depth (i.e.,corneal and foot-pad reflexes)

may not be accurate in assessing this type of anesthesia.

Further investigation is planned using this method of anesthesia. Con-
sideration will be given to physiologically monitoring the animals before,
during and after anesthesia. The possibility of two simultaneous ac wave-

forms will also be studied.
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EFFECTS OF METAPHASE ARRESTING DOSES OF COLCHICINE ON
TISSUE ENZYMES
by
T. L. Chiffelle, R. K. Jones and J. K. Scott

The alkaloid colchicine has been widely used for many years in studies
of cell turnover rates and of chromosomal analysis. In proper dosage,
the drug will arrest in metaphase all cells that enter division during the
period between administration of colchicine and the time of its elimination
(approximately 6 to 8 hours). 2 In addition to mitotic arrest the drug pro-

. 2
duces a temporary leukopenia in moderate doses. 26,7

In large doses,
after a latent period of 3 to 6 hours, the drug induces widespread toxic
effects particularly to the gastrointestinal tract and the central nervous
system. A hemorrhagic gastroenteritis may be produced, with fluid and
electrolyte loss similar to the effects of arsenic or radiation. Hematuria
and oliguria may result from injuryto the renal excretory system. Effects
on the central nervous system are poorly understood but include exhaus-
tion, muscular weakness, ascending paralysis, convulsions and respira-
tory arrest. Death seldom occurs before 12 hours and some animals may
survive two weeks with toxic doses. 47 A wide variation of dose for toxic
manifestations exists between species and between individuals within the
species, 35 Some difference in toxicity has been described for different
methods of administration. Apparently the amount of drug necessary to
arrestmitotic activity adequately at metaphase is near or at the toxicle-

vel. L

The accumulation of arrested mitotic figures approached linearity
from 30 minutes to 6 hours after injection and thereafter it sharply de-
creased. 2 Chemical assays for the drug in marrow have shown a par-
allel increase in concentration to 4 hours, after which the concentration
declines and disappears in 8 hours. Thus, the effect on marrow elements

is very prompt.
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Although the toxic effects of colchicine have been knownfor some
time, it seemed logical to study these in the course of treating our
beagle dogs hours prior to sacrifice to obtain marrow cellular elements
arrested in metaphase, for appraisal of chromosomal aberrations after
exposure to Sr-90. The amount of drug administered to dogs was extra-
polated fromthe dose previously administered to rats (3mg. perkilogram)
for the same purpose. In a pilot study using beagle dogs, averaging 10
kilograms and 2 to 3 years of age, it became apparent that the original
dose usedwas nearly 70 times the toxic level. After surveying the results
of this pilot study, it became apparent that the doses of colchicine requir-
ed to produce sufficient numbers of arrested mitotic figures for chromo-
some studies may cause an effect on blood constituents and on tissue en-
zymes to be assessed histochemically at the time of sacrifice (2 to 3 hours
later). An experiment was designed using rats (male and female) to as-
sess hematologic, histochemical and histological effects of graded doses
of colchicine at various times after injection. According to Ferguson the

LD50 for rats is 1.7 mg. per kilogram. 4
METHODS

Eighty Holtzman rats, 150-200 grams weight, were divided into 5
groups of 16 animals each (8 males and 8 females). Each rat was given
a subcutaneous injection of colchicine in physiologic saline indoses of 0,5,
1.0, 2,0, 3.0, and 4.0 mg. per kilogram. Twenty animals (4 to each
group, male and female) were for hematologic studies. The remaining
60 animals (12 in each group, equal males and females) were used for
chromosomal studies, tissue enzyme studies and general histopathologic
analysis. Twenty additional rats (4 to a group) were controls. In each
dose group, equal numbers of male and female animals (2 each) were an-

esthetized and sacrificed at 2, 4 and 6 hours after injection.

Chromosomal preparations were made from femoral marrow, by
methods described previously, 8 for studies of mitotic incidence at var-
ious intervals after injection and also for the quality of chromosomal sp-

read for appraisal of morphologic aberrations. Thin slices of kidney,
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liver, intestine and thyroid gland were quick frozen by quenching in iso-
pentane at liquid nitrogen temperature for histochemical analysis of alka-
line and acid phosphatase, succinic dehydrogenase and DPNH diaphorase
according to methods described previously. 8 Tissue sections of a wide
variety of organs from each animal in each group were fixed in 10% buf-

fered formalin and processed for general histologic survey.

TENTATIVE RESULTS

The higher level doses of 3 and 4 mg. per kilogram produced many
chromosomes in both the 2 and 4 hour sacrifice groups. Analytically,
however, there was some slight variation between animals within this
period. In spite of this large number of chromosomes, there was much
overlapping of the individual chromosomal groups resultinginaless-than-
desirable preparationfor detailed morphologic analysis. In the 2 mg. per
kilogram range, the chromosomal preparations were of excellent quality,
without overlapping and with good definition of the individual chromosomal
structures. There appeared little difference between the preparations

made in the 2 and 4 hours sacrificed animals.

At a dose of 1 mg. per kilogram there was marked reduction in the
number of cells at metaphase compared withthe results obtained at high-
er doses in those sacrificed at 4 hours. Specimens taken at the 2 hour
interval were unsatisfactory. Marrow preparations taken from animals
having received thelowest dose (0.5 mg. per kilogram) showed no effect.
At all dose levels above 0.5 mg. per kilogram, preparations made from

. the 6 hour sacrifice specimens showed that cells arrested in metaphase
were markedly diminished in number and that quality of the preparations

was poor.

For a young rat, subcutaneous injection of colchicine (2 mg. per kilo-
gram) resulted in an optimal number of chromosomes at either 2 or4
hours post-injection. This dose level produced the most satisfactory
chromosome preparations, particularly when compared to preparations
made at the twohigher doselevels. It is possible that the quality of chro-

mosomal preparations in the higher dose ranges might have been more
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satisfactory at an earlier sacrifice (1 hour). Cytotoxic effects of colchi-
cine have been well described and large doses may exert some effect on
the ability of a cell to divide. Also, large doses of the drug may induce
abnormal mitotic figures. 6,7 Insufficient material has been examined at
this time for histochemical enzyme changes or general histopathologic

effectsto be discussed in this report. Additional results are forthcoming,
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AUTO-ANTIBODY PRODUCTION IN THE DOG
by
G. H. Meade, J. H. Sherrod and W. E. Clapper

ABSTRACT

Injection of homologous kidney with Freund's adjuvant, with E. coli

endotoxin and the toxin and adjuvant without kidney produced low titres of
complement fixing antibodies. No antibodies were shown by the tanned

cell hemagglutination or gel diffusion methods.
I. Antibody Production to Homologous Kidney Tissue in Beagles

The production of antibodies to the host's own tissue is indicative of
damage to or change in this tissue. Radiation causes damage to exposed
tissues, so it seems possible that antibodies might be producedas a result.
Such antibodies might even be detected in the absence of other signs of
radiation damage, and thus serve as an early indicator. They might also
be the forerunner of further damage to specific organs that would be a

part of the radiation syndrome.

Antibodies have beenproduced in other animals by injection oftissues
from one of the same species along with toxins or adjuvants.’ The dog
has been reported to make antibodies to soluble protein antigens with diffi-
culty? As a beginning in the study of this phenomenon inbeagles exposed
to radioactive aerosols, it seemed necessary to first determine whether

they could produce antibodies under controlled conditions.

Dog kidney was processed according to a method adapted from one

used by Stebley and Lepper,4 This produced a suspension containing 50
mg/ml of glomerular basement membrane, This was used both for im-
munization and for skin testing the experimental animals. The following

experimental design was used:
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No. of Dogs Amount of Tissue Adjuvant

Group 1 2 None None

Group 2 2 None E. Coli toxin

Group 3 2 None E. Colitoxin+ Freund's
Group 4 2 37 mg. Freund's

Group 5 2 37 mg. E. Coli toxin

Injections were made intradermally in the flank, intramuscularly in
the semi-tendinsus-membranosus muscle group and subcutaneously in the
cervical area. Booster injections of the same amounts of material were
given 3 weeks later. Skin tests consisting of 10 mg of antigen injected
intradermallywere done at 3,4 and 5 weeks and at 2 months following the
initial immunizing dose, Thesetests were readat 2, 24, 48 and 72 hours.
Bloodwas drawnbefore the first injections andat 3, 4, 5, 9 and 15 weeks
thereafter. The serum was examined for antibodies against dog kidney
tissue using the gel diffusion, tanned cell hemagglutination and comple-
ment fixation techniques. Serum made by immunizing rabbits with dog
kidney was found to be positive by all of these methods but was organ
specific only for complement fixing antibodies. Results of the antibody
determination by this method are seen in Table 1. Gel diffusion and tan-
ned cell hemagglutination titres were negative for all specimens taken.
Skin tests were positive at only one period (5 weeks). At this time, one
dog in group 3 showed a slight erythema at site of test injection at2 hours.
At 24 and 48 hours this raised reddened area had increased to 3 cm in

diameter.

The results of this experiment gave suggestive evidence that anti-
bodies to homologous kidney can be produced in the beagle. It appears
that coli toxin alone can induce the production of kidney antibodies. To
determine whether a more intensive immunizationprogram could produce
higher titres, two more dogs were injected at weekly intervals for 5 weeks
with emulsions of equal amounts of dog kidney tissue and Freund's adju-
vant. The complete adjuvant was gradually diminished until the final in-
oculation was made with equal amounts of the tissue and Freund's incom-

plete adjuvant. No antibodies to kidney were found in these animals 10
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days after the final injection. Further attempts should be made to deter-
mine the most sensitive immunological procedure to use to test for these
antibodies, the method of preparing the mostactive antigen and the period
at which antibody is at its height. Further attempts to determine fixed

antibodies should also be made.
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AUTO-ANTIBODY PRODUCTION IN THE DOG
by
G. H. Meade, J, H. Sherrod and W. E. Clapper

ABSTRACT

Serum from beagles in which a single kidney had beendamaged by X-
rays was tested for complement fixing and tanned cell hemmagglutinating
antibodies. E. coli toxin was also administered to 2 of these dogs. A

slight rise in complement fixing antibodies was observed inthe irradiated

animals. Use of the animals own kidneys for antigen did not show either

type of antibodies inthe serum of the dogs from which they had beentaken.
II. Production of Antibodies by Exposure of the Kidney to X-Irradiation.

Eight beagles were used in this experiment to determine whether a
damaging dose of X-irradiation to the kidney would produce kidney anti-
bodies. Two dogs served as controls, two were injected with E E.?E055:
B5 toxin (Difco Laboratories, Detroit, Michigan) as described in article

I, two were injectedwith E. coli toxin and the right kidney of each exposed

to X-ray; and two had the right kidney exposed to X-ray only. The dis-
tance from the specimen to the center of the tube was 48 cm. Fifty-eight
roentgens (air dose) per minute were delivered for 20 minutes at this dis-
tance for a total of 1024 r. * The coli toxin was used because in irradi-
ated animals the toxin from coliform organism intheir own intestine may
leak into the blood stream. This could possibly enhance kidney damage.
Blood was drawn prior to treatment and at 3, 4, 5, 6, 8, 12, 16 and 20

* X-irradiation and dosage measurements were kindly performed by
Dr. J. de Boer, Radiobiology Group, Air Force Weapons Laboratory,

Kirtland Air Force Base.
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weeks. The separated serums were stored at -60°C until tested. Tanned
cell hemagglutination studies showed no antibodies to kidney antigen. The

results of the complement fixation tests are shown in Table 2.

A slight rise intitre was observedin the dogs exposed to X-rays; the
reliability of the results was questionable because of the anti-comple-
mentary activity of many of the specimens. This activity could not be
eliminated in some cases by either incubation at 60°C or addition of com-

plement and subsequent destruction of the complement by heating.

Nine months following injection and exposure, four dogs were sacri-
ficed and the kidneys removed. Tissue from the middle of the unexposed
kidney from each animalwas sent to the Pathology Department for exam-
ination. This was done todetermine whether immunological changes might
be found in these organs suggestive of the formation of antibodies against

kidney. The pathological findings were as follows:

The unexposed kidney from one of the dogs subjectedto X -irradiation
and an injection of E. coli toxin showed histo - pathological changes.
The renal tissue was reported to exhibit "Marked capsular thicken-
ing, nodular me sangial thickening and fibrosis, and tubular atrophy

with formation of multiple small cortical scars'.

Antigens were prepared from the exposed and unexposed kidneys of
the four dogs, as described by Rose et al. t Two of these beagles had
been injected with E. __(_)_E_ toxin only. Tests using the dogs own serum
againstantigens prepared from each of its own two kidneys were made byv
complement fixation and tanned cell hemmagglutlnatlontechnlques Itwas
thought that antibodies might be produced which were so highly specific
that they would react only with the autologous kidney. However, no such
antibodies were found. It is perhaps possible that the antigens made from

these experimental animals were already saturated by antibodies produced

in that animal.

Possibly circulating antibodies are not produced under the conditions
of this experiment. It is possible that they are immediately removed

from circulation and are fixed in the kidney. Some evidence for this type
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of reaction has been offered by other sZ and the anti-complementary acti-

vity of dog blood has been no’ced.3 It has been suggested that a titration

of this activity may be related to immune response.
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AUTO-ANTIBODY PRODUCTION IN THE DOG
by
G. H. Meade, J. H. Sherrod and W. E. Clapper

ABSTRACT

Initial body burdens between 31 and 46 microcuries per kilogram of
Sr-90 were introduced into dogs by inhalation. These dogs produced no
 detectable levels of complement fixing or tanned cell hemagglutinating
antibodies to dog kidney or thyroid. Eight beagles were exposed and 8

were used as controls.
III. Antibodies to Kidney and Thyroid in Beagles Exposed to Sr-90

An over-all study of the long term effects of inhalation of radioactive
particles is being conducted by several Departments of The Lovelace
Foundation. The purpose of the work reported in Sections I and II of this
series wasto carry out exploratorywork related tothe formation ofauto-
antibodies in the beagle. Although no highly definitive results derived
from the preliminary experiments, it was felt that animals exposed to
irradiation for a prolonged period such as that produced by inhaling radio-
active particles shouldbe examined for circulating aguto-antibodies''. The
methods with which we had previous experience were used; others have
thought these (complement fixation and tanned cell hemagglutination) to
be most sensitive and they also would serve as a measurement of the two
different kinds of an’cibodies,1 Thyroid antibody studies were included

because these have been found in animals exposed to ionizing radiation,

Sixteen dogs were used for this and other microbiological experi-
ments. Eight served as controls. Eight inhaled a Sr-90 aerosol and had
total body counts indicating 31-46 microcuries per kilogram. Blood for
serum samples was taken weekly for the first month, biweekly for the
next b weeks and monthly thereafter for 6 months. Antiserum to dog thy -

roid, kidney, heart, lung and liver was produced in rabbits for control
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serums.

All serum specimens were tested for complement fixing antibodies
against dog kidney. The results were essentially negative., Tanned cell
hemagglutinating antibodies to kidney were not found in any of the speci-
mens, Serums from two exposed dogs showed no hemagglutinating anti-
bodies to heart, liver or lung antigens. All specimens were tested for
complement fixing antibodies against thyroid and found to be negative. To
date, all serums from 2 exposed and 2 control dogs have shown no agglu-
tinating antibodies for thyroid. The others will be tested. Dogs exposed
to a higher level of Sr - 90 will be tested in a similar manner since this

dose achieved no observable changes.
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THE WHOLE BODY RETENTION OF INHALED Cs-137
IN BEAGLE DOGS
by
Bruce B. Boecker

ABSTRACT

The whole body retention ofa tracerlevel of Cs-137 deposited during
a single, shortinhalation exposurehasbeenfollowedintwo groups of dogs.
During the first experiment (25dogs), the diet was changed by adding raw
ground beef plus a vitaminand mineral supplement tothe commercial food
being used. Retention results from 8 dogs that were followed for 4 to 8
months after thisdiet change are examined. The mean value for the bio-
logical half-life, Tb, just prior to the diet change was 42 days. After the
diet change, the values of Tb for 6 of the 8 dogs decreased such that the
mean value became 36 days. A second experiment with 5 dogs that will
be fed the same diet for the duration of the experimentis now in progress.
At 100 days post-exposure, the mean value of the long term Tb is 30 days
but considerable variation among these dogs has been observed. These

variations cannot be attributed to age differences.
INTRODUCTION

The first inhalation experiment conducted on dogs at this Project in-
volved single exposures to a Cs-137 Cl aerosol. Its purpose was twofold:
1) to determine the normal distribution and excretion patterns of inhaled
Cs-137 in the dogs and 2) to testall exposure and metabolism procedures.
A group of 25 dogs was usedin this experiment, some of which were fol-
lowed for one year post-exposure. Whenthis study was completed a sec-
ond group of 5 dogs was exposed in the same manner but housed under
different conditions. This group is currently under observation and also

will be followed for a year post-exposure. The whole body counting data
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obtained from these 2 experiments will be discussed here. Companion

tissue distribution and excretiondata are being analyzed and will be pre-

sented later.

METHODS

The 12 male and 13 female dogs used in the first experiment were
purebred beagles ranging in agé at exposure from 17 months to an esti-
mated 72 months. Some were raised locally and some were supplied by
other AEC Contractor laboratories. They were placed in individual cages
at least one month prior to exposure and were kept in these cages after
exposure until they were sacrificed at 0, 1,4,8,16,32,64, 128,256 or 366
days post-exposure. At the start of this experiment, the dogs were fed
Wayne Dog Food (Allied Mills, Inc., Chicago, I11. ) moistened with water.
During the course of this experiment (on ~ June 1, 1964), food mixing
equipment became available and the diet of the entire adult dog colony
was changed. From this date on, the dogs were fed a daily 300 gram
ration containing the following percentages by weight: 60% Wayne Do
Food, 20% raw ground beef, 20% water and a small amount of Vionateé

vitamin and mineral supplement (E. R. Squibb énd Sons, New York, N.Y.).

The second group of dogs consisted of 2 male and 3 female beagles
whose ages at exposure ranged from 19.0 to 20.2 months. They were
placed in metabolism cages 14 days before exposure, kept there until 30
days post-exposure and then transferred to the kennels. Their diet
throughout the experiment has been the standard mixture of Wayne Dog

Food, ground beef, water and Vionate“.

Two or 3 dogs were exposed in any one day. Before exposure each
dog was given 60 mg. of phenobarbital orally followed 105 minutes later
by an intravenous injection of Vetame veterinary tranquilizer (0.25 mg/
1b) (E. R. Squibb and Sons, New York, N.Y. ). The exposures were of 10
minute duration and involved an aerosol generated from a 1.0 per cent
stable cesium chloride solution containing Cs-137. The mean air concen-
tration ranged from 2.8 - 9.5 pc/L and the aerodynamic mass median

diameter ranged from 1.6 - 2.0 p for these exposures.
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Each dog was whole body counted immediately after exposure and at
selected intervals thereafter. The dogs were placed unsedated, in a plastic
box and counted witha vertical whole body counter using a Nal detector or
with alarge volume, liquid scintillation counter (Packard Instrument Co.,
Downers Grove, I11.) depending on the radioactivity levels involved. These
counters are shown in Figures 1 and 2. Initial body burdens inthese dogs
ranged from 13 to 130 uc. During the early phase of the experiment, the
counting was done on the vertical whole body counter with a separation of
109 cm. between the top of the crystal and the bottom of the counting box.
With this configuration, Cs-137 distributed within a dog is detected with
an efficiency of 0. 024 per cent. Later in the experiment, when the body
burdens had decreased somewhat, the counting was done at a crystal-to-
box separation of 84 cm. (0.038 per cent efficiency). Finally, when the
body burdens dropped below 2 Uc, the remaining whole body counting was

done with the liquid scintillation detector (23 per cent efficiency).
RESULTS

The whole body retention of Cs-137 was examined for each dogby fit-
ting smooth curves by eye to the whole body counting data. Retention
values for each day post - exposure for each living dog were taken from
these curves and tabulated. An arithmetic mean retention was then cal-
_culatedfor each day post-exposure andthese results are shown as indivi-
dual points in Figure 3. A smooth curve was fitted by eye to these data
and its equation was determined bythe graphical subtraction method to be:

R, - go+ 693t L 45 =099t , oo -. 016t

where Rt is the whole body retention at time t expressed as a percentage

15

of the initial body burden. The three exponents represent effective half-
lives (Te) of 1.0, 7.0 and 43 days. Since the physical half-life of Cs-137
is 30 yearsl, the biological half-lives, Tb’ are essentially equal to the

values of Te observed during these 1-year experiments,

Atapproximately 85 days post-exposure the experimental points break
away from the smooth curve in adownward directionindicating an increas-

ed rate of excretion of the Cs-137. This result can be studied more
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Figure 1:

Dog being counted on veritcal whole body counter. Cylindrical lead
shield contains 4'" x4'" Nal crystal. Control panel for automatic
raising or lowering of the dog is installed above the scaler and timer
in the console to the right of the counter.
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Figure 2:

Dog being counted in the large volume, liquid scintillation counter.
Counting chamber is 36 inches long and has a 12-inch diameter. The
shield is constructed of special low-activity steel and is 6 inches
thick.
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closely by examination of the individual curves presented in Figures 4, 5,
6 and 7 for the 8 dogs that were sacrificed at 256 or 366 days post-expo-

sure.

The first 2 dogs, 01-065 and 02-065, have values of T, =32 and 37
days, respectively, for the long -term component and no break in the
retention pattern is indicated. The 6 remaining dogs, however, all de-
monstrate a change to a faster excretory rate during the course of the
experiment. An idea of the magnitude of this change can be obtained by
comparing the dotted line, which is a straight line extension of the rate
prevailing just before the break, with the solid line drawn through the
actual data points., A summary of the values of Tb just before and after
the breakis given in Table 1. The mean value of Tb is 42 days just prior

to the break and is 36 days after the break.

The second group of dogs that were exposed following completion of
the 25-dog experiment are currently at about 100 days post-exposure and
the whole body counting will be continued until their sacrifice at 365 days
post-exposure. Curves drawn from the data obtained to date yield values
of Tb equal to 21, 26, 28, 35 and 38 days for the long-term component for
the 5 dogs. The curve drawnthrough the arithmetic mean values of these
data also can be expressed as a 3-component exponential:

Rt = 20e"" 770t+ {46~ 069t+ bbe™* 023t

The three exponents represent half-lives of 0.9, 10 and 30 days.
DISCUSSION

The time atwhich the increased excretion of Cs-137 occurredis given
in Table 1 as days post - exposure and also as the number of days after
June 1, 1964. The wide range of days post-exposure at which the change
occurred indicates that the change was not a function of the exposure per
se. Instead, it appears to be associatedwith a calendar date near June {,
1964. As mentioned under Methods, the diet for the entire dog colony
was changed at about this time (exact date not recorded). Since Mraz, et
al. 2 and Richmond, et al. 3 have shown that an increase in dietary potas-

sium can enhance the excretion of Cs-137, the potassium levels in the old
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Figure 5:
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The whole body retention of inhaled Cs-137 for dogs
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and new diets were examined. The Wayne Dog Food used exclusively for
the original diet normally contains 0. 73 per cent potassium4. In order
for the new diet tohave a significantly higher potassium level, the ground
beef or the Vionat supplement would have to contain much more than
0.73 per centpotassium. Since heart, liver and muscle tissue from cattle
contain only 0.3 to 0.5 per cent potass1urn5 and since potassium is not
listed as being one of the 9 minerals in Vionatd , the possibility of an in-

creased potassium level with the new diet can be ruled out.

By coincidence, the taking of weekly dog weights was begun atapprox-
imately the same time that the diet was changed. Figure 8 shows the
weekly weight of each dog in relation to its weight at the time of exposure
--- day 121 corresponds to June 1, 1964 and at this time 6 of the 8 dogs
weighed less than they did at exposure 3 to 4 months earlier. From
June 1, 1964 until sacrifice, 1 dog had a 4 per cent weight increase and
the other 7 had increases of 12 to 30 per cent. After the diet change, the
caretakers also noted improved coats onthese dogs. Both of these obser-
vations indicate that the dogs general state of health was improved fol-
lowing the diet change and this was probably responsible for the change
in the Cs- 137 excretory rate. It is not clear why there was nochange
observed in the excretory rate for dogs 01-065 and 02-065 even though
they both exhibited substantial weight gains after the diet change.

The values of Tb obtained here can be comparedwith those observeg
by other investigators following intravenous injection. Norris et al,
reported a value of Tb = 25 - 30 days based on data from 8 dogs obtained
during the first 130 days following injection. Richmond followed 4 dogs
for a year and obtained data whose mean values could be fitted by the fol-
lowing 3-component exponential equation:

-. 630t -.025¢ . 015t

R, = {4e + 56e + 30e”

t
Fromthis equationthe value of Tb in the longest-term componentis about
43 days. However, if this curve is only plotted from 0 - 100 days, i.e.
the approximate range covered by the data in Figure 3 and in the Norris

data, the longest-term component can be fitted by using a value of Tb =33
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days. The Norris value and the Richmond value at 100 days are signifi-
cantly lower than the value of Tb seen with the present data just prior to
the break in the retention curve. The mean Tb observed after the break,
36 days, is more inline withthe values of Tb reported by the investigators

mentioned above.

Itis interesting to note that once the break occurred, no other changes
inthe excretory rate were seen, This is in contrast tothe data of Richmond
in which the influence of the 43-day component became more pronounced

at times greater than 150 days after injection.

One of the reasonsfor performing this experimentwas to obtain nor-
mal distribution and excretion patterns for use in planning future longe -
vity experiments with high levels of Cs-137. These future experiments
will differ from the 25-dog experiment described above in several ways:

A. The dogs willall be of the same age and younger-than those used

here.

B. Theirdiet will be of constant composition throughout the experi-

ment.

C. Most of the dogs will spend only the first 30 days post-exposure

in metabolism cages. The remainder of their life will be spent

in kennels with outdoor runs.

The main reasonfor the second experiment with 5 dogs wasto deter-
mine the importance of the above differences. Although these dogs are
not as young as those to be used in the future (13£0. 5 months), their age
at exposure was uniform andmuch less than some of the dogs used in the
firstexperiment. In spite of the uniformity of age and environmental con-
ditions, the individual retention patterns observed to date vary consider-
ably. The value for the long -term component of the curve fitted to the
mean data for these 5 dogs between 50 and 100 days post - exposure is 30
days, a value in excellent agreement with the data of Richmond and the

early data of Norris. It willbe interesting todetermine whether the value

of Tb for the long - term component becomes longer as observed with the

Richmond data.




More recent data by Norris et a1.8 have shown an apparent depend-
ence of Tb on the age of the dog. Mean values of Tb equal to 16 days for
5.-month old dogs, 20 days for 13-month old dogs and 37 days for dogsthat
were 4 - 5 years of age at injectionhave been observed. Sincethe experi-
ments involved high levels of Cs-137 it is not clear whether this age effect
is the result of a varying response to radiation with age or is actually a
variation in Cs-137 retention with age. In the present experimentstracer

levels were used and no correlation between variability in metabolism of

Cs-137 and age was observed.
CONCLUSIONS

These data emphasize the need for maintaining constant environ-
mental conditions during distribution and excretion experiments. The
agreement betweenthe data obtained following inhalation (particularly for
the second experiment) and the data reported by others following intra-
venous injection substantiates what one would expect: for materials that
are very soluble inbody fluids, the route of administration is not critical.
The considerable variation among the retention patterns of the 5 dogs in
the second experiment emphasizes the necessity for determining the
retention pattern in each dog in order to calculate the integrated dose

occurring between exposure and death.
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SURVIVAL OF RATS FOLLOWING INTRAPERITONEAL
INJECTION OF ACUTE DOSES OF Sr-90 AND Cs-137,
SINGLY AND IN MIXTURES
by
R. Lie and R. G. Thomas

In keeping with the goals of the 1013 program it was decided to study
the effects of a mixture of two fission products introduced into rats. For
an animal to deposit a certain quantity of radioactive material in the lung
by inhalation, approximately one thousand times this amount must be pre-
sent in the aerosol generator, using exposure apparatus currently avail-
able. To obtain a whole body concentration great enough to cause acute
radiation effect considerable personnel hazard may be involved, and cer-
tain adjustments to exposure equipment must be made toaccommodate ad-
ditional shielding material. Because of these reasons it was decided to
inject high levels of various mixtures of two isotopes intravenously. Since
Cs-137 and Sr-90 had been studied individually they were chosen for the
first mixed fission product experiment, The intraperitoneal route of in-

jection was chosen for its ease and rapidity.

EXPERIMENTAL DESIGN

Holtzman strain albino rats were used. Average weights at injection

were 151 grams (male) and 173 grams (female). The injection regime is

on the following page.
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Group Dose Cs-137 Dose Sr-90 No. Animals Sex

Ia 0 5 mc/kg 20 g
b 0 5 mc/kg 20 ?

II a 25 mc/kg 0 20 d
b 25 mc/kg 0 20 ?
IIT a 25 mc/kg 2.5 mc/kg 20 d
b 25 mc/kg 2.5 mc/kg 20 ?
IV a 12. 5 mc/kg 5 mc/kg 20 d
b 12.5 mc/kg 5 mc/kg 20 Q
Va ' 12.5 mc/kg 2.5 mc/kg 20 d
b 12.5 mc/kg 2.5 mc/kg 20 )
VIa 0 \ 0 40 J
b 0 0 40 ?
VII a 0 0 40 d
b 0 0 40 ?

All animals were housed by pairs in standard small animal cages.
Groups I through VI were housed onthe racks in a random manner so that
the external doses received by any pair of animals were no more magni-
fied for one experimental group than for another., Levels in the animals
were high enough for the rats to serve as external radiation sources.
Group VII was maintainedin an area apart from all other groups, thereby

assuring a true control group for longevity purposes.

Excreta were collected from all animal pairs (Groups I through VTI)
for several days and thereafter from Groups I through V. Samples were
collected in aluminum foil trays constructed to fit beneath the individual
cages. Combined urine and feces were collected and analyzed together
for gross radioactive content. One animal from each cage was countedin
a plastic container on the day following injection. The second of each ani-
mal pair was counted during the subsequent week. Upon death, each ani-
mal was weighed and counted. Several from each experimental groupwere
frozen when discovered dead, and will be dissected at a later time to de-

termine tissue distribution of the isotopes.
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PRELIMINARY RESULTS

The first death due to radiation occurred in Group III on the fifth day
following isotope injection. All animals from that group had succumbed
by day 12; from Group IV by day 13; and from Group V by day 21. A death
occurred in GroupI onthe ninth day, but the incidence rate was much less
than in Groups III through V, the last animal dying on day 32. The first
death in Group II was on day 12 with the majority of these animals having
died by the fourtieth day. Four of these animals are still surviving 138
days following injection. No significant difference between males and fe-

males with respect to longevity has been noted.

The general physical appearance of all animals at death has been one
of emaciation. Lack of appetite was very apparent in Groups III through
V within a very few days following injection, but was somewhat less evi-
dent in Groups I and II. Weight loss was marked in all experimental ani-
mals. Expressed as percent of initial weight, the average loss was 35,
34, and 33 percent in Groups III, IV and V respectively, and 40% in Groups
I and II. This difference was presumably due to greater longevity in the

latter two groups.

Whole body counting data have been preliminarily analyzed for Groups
II through V; no sex or group differences in isotope retention are imme-
diately apparent. Additional analyses will be performed on data from
whole body and excreta counting, and from film badges which were placed
onthe exterior sides ofallcages ofanimals in Groupsl through VI. These

were placed in order to measure the external radiation dose.
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THE HEMATOLOGIC RESPONSE IN RATS TO INTRAPERITONEAL
INJECTION OF MIXED FISSION PRODUCTS - SR-90 AND CS-137
by
R. K. Jones

PURPOSE AND METHODS

This pilot experiment was designed to investigate comparative bio-
logical effects of intraperitoneally administered Sr-90, Cs-137 and mix-
tures of these two fission products. Although the death distribution re-
sulting from exposure to the single or mixed isotopes was the primary
goal, alimited number of animals were similarly injected in order to study
the hematologic effects. The primary hematologic responses of interest
were the synergistic effects of strontium and cesium when administered
as a mixture. Unfortunately the doses resulted in relatively early demise
of the experimental rats, and therefore onlyacute effects could be ascer-

tained.

Equal numbers of male and female Holtzman rats were divided into
five experimental groups. Each group consisted of 10 animals whichwere
sampled periodically for hematologic changes (see Table 1 - Exposure
Schedule). Additional groups were used as controls and sampled period-
ically. Some of these were maintained in the room with the experimental
animals and others at a remote location where they received no irradia-
tion. All animals weighed approximately 200 grams at injection. Sam-
pling was performed at 40 hours and 5, 9, 14, 21, 28 and 35 days follow-

ing injection.

PROGRESS REPORT

Since the hematologic values for both "inside" and "outside'" controls

were similar, these were combined and treated as one control population
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Table 1

ANIMALS EXPOSED FOR HEMATOLOGICAL EVALUATION

Mean Day
of Death for A
90 137 Number Number of Nonsurvivors
Group Sr Cs of Survivors Dying before
Number mc/kg mc /kg Animals at 35 Days 35 Days
I 5 0 10 0 20
11 0 25 10 3 26
111 2.5 25 10 0 9
v 5 12.5 10 0 ' 9
Vv 2.5 12.5 10 0 11
VI inside* inside* 10 10 - -
control control
VII outside®® outsidek 10 10 -
control control

%*Rats housed in the same room as injected subjects.

#%Rats housed in separate animal room.
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(Figure 1). All experimental animals showed a profound fall inleucocytes
within the first 40 hours to a level ranging from approximately 35 to 40%
of pre - exposure values. A progressive depression continued until the
ninth day post-exposure when death had occurred in all animals that re-
ceived a mixture of strontium and cesium (Groups III, IV, V). An abor-
tive recoverywas seen in the two surviving groups on the 14th day with a
subsequent depression by the 21st day post - exposure., At this time no
survivors were presentin Group I. The surviving cesium animals reveal-
eda slow recoveryto the final day of observation (35 days post-exposure).
The slope of the initial and more delayed fall in total leucocyte count was

roughly similar for all exposure groups.

Total lymphocyte count revealed a marked depression by 40 hours
and showed a secondary abortive rise at five days post-exposure (Figure
2). The magnitude of depression was slightly different between groups,
being most profound in animals injected with cesium and less severe in
animals injected with strontium. This type of response would be predict-
ed on the basis of the type of radiation produced by these two isotopes,

illustrating the differences between beta and gamma emitters.

The total neutrophil count showed an elevation at 40 hours followed
by a prompt depression which was minimal at nine days (Figure 3). The
magnitude of depression in each experimental group was roughly the in-
verse of lymphocytes; strontium-injected rats showedthe greatestdepres-
sion and cesium appeared somewhat less damaging. This response also
would be expected on the basis of difference in the retention sites of the
two isotopes, strontium being mostly deposited inbone adjacent to marrow
whereas cesium seeks soft tissues predominantly where it acts more as

a source of whole body radiation,

With the exception of animals receiving five microcuries of strontium,
either alone or in combination with cesium, depression of the hematocrit,
hemoglobin and red blood count was less marked than that seen in white
corpuscular elements. For purposes of illustration only the hematocrit
is included (Figure 4). However, in the two groups of animals receiving

the high level strontium dose, depression of the erythroid elements was
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considerably more severe.

It appears that predictable differences occurred inhematopoietic dam-
age induced by Sr-90 and Cs-137. Cs-137, being a generally distributed
gamma emitter, produced a more detrimental effect on circulating lym-
phocytes whereas Sr-90, being a beta emitter selectively incorporated
into bone, manifested a greater effect on granulocytes and erythrocytes.
Itis also apparent from this pilot experiment that considerably lower doses
of Sr-90 and Cs-137, both singlyand in combination, must be administer-
ed in subsequent studies, planned for the near future, todelineate any syn-

ergistic effects.
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THE EFFECT OF INHALATION OF FISSION PRODUCTS

AND AGING ON THE BEAGLE ELECTROCARDIOGRAM

by
H. C. Redman and J. E. Weir

INTRODUCTION

Electrocardiograms are being obtained on the beagles in the colony
prior to and at suitable intervals after exposure to ionizing radiation.
These records will help determine possible effects of inhaling fission pro-
ducts on the cardiovascular system. Most information available on the
electrocardiogram of the dog is based on limited observations made on
mixed breeds of varying age, sex, size, and state of health1_4, but some
data are available on a limited number of beagles5. Since this study re-
ports findings on only a small number of recordings made ondogs of wide-
ly varying age, it is not now possible to establish a baseline with which
variations with respect to ageing can be ascertained. However, this will
be forthcoming subsequently from studies of tracings obtained periodically
throughout the life span of control animals. Pre-exposure tracings will
be obtained on all animals whichare twelve months old, and annually there-

after on all control animals.
METHODS

Electrocardiograms are recordedas a part of a general physical ex-
amination which is described in another section of this report. To obvi-
ate the marked effects of position on the electrocardiogram in dogs the
tracings are obtained with the beagle in a normal standing position, but
constrained by a canvas sling to help prevent excessive movement of the
unanesthetized and unmedicated animals that have been adapted by suitable
training to remain quiet. Electrodes are applied over electrode paste to

unshaven skin, Recordings are obtainedin an isolated room to help avoid
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exciting the animal. The leads recorded in this study are presented in
Table 1, and are those considered to be of greatest diagnostic value by
Detweileri-:‘3 and Lanneck4. Figure 1, after the method of Lanneck , il-

lustrates the technique used in measuring duration and amplitude on the

EKG.

RESULTS

Presented below are data obtained from 39 dogs which were raised,
in kennels located at the Laboratory, in accordance with previously pub-
lished proceduresé. Individual animals were in satisfactory health at the
time of study since no significant abnormalities were detected during phys -
ical examination,

The only arrhythmia noted was sinus arrhythmia whichis normal for
a resting dogz.

Table 2 shows the mean and standard deviations for the amplitudes
obtained. The mean and standard deviations of the duration values are

presented in Table 3.
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II.

EKG LEADS

Screen lead (unipolar): CR, L (chest right 6th intercostal, lower) the

exploring electrode is connected to the bottom of the sixth intercostal
space. The indifferent electrode is connected to the right foreleg.

Standard
A.

Bipolar Leads

Lead I — the electrodes are connected to proximal parts of the

right foreleg and left foreleg (posterior olecranon), where the
subcutis is loose, the left foreleg being relatively positive, the
right foreleg being relatively negative.

Lead II — the electrodes are connected to the same region of the
right foreleg, the other connected just distal to the anterior sur-
face of the left femor where the subcutis i s loose. The right foreleg
is negative and the left leg relatively positive.

Lead III — the electrodes are connected to the left foreleg and left
leg, the left foreleg being relatively negative and the left leg
relatively positive.

Augmented Unipolar Leads

aVR — the electrode records the potential from the right foreleg.
aVL — the electrode records the potential from the left foreleg.
aVF —the electrode records the potential from the left leg.

Unipolar Precordial Leads

CR/L — the exploring electrode is connected at the 6th lower left
intercostal space at the bottom (near the edge of the sternum) at the
apex of the left ventricle. The indifferent one on the right foreleg.

CR, U — the exploring electrode is located at the 6th left intercostal
space at the costochondral junction over the free wall of the left
ventricles. The indifferent one on the right foreleg.

CR; — the exploring electrode is at the 5th right intercostal space
near the edge of the sternum over the free wall of the right ventricle.
The indifferent one on the right foreleg.

central

CR,L, CR, U, and CR5 as established by Lannek against Wilson's
)

ermina61 (V).

TABLE 1
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MEASUREMENTS of EKG
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CONCLUSIONS

For the beagle of one year of age, it is probable that these data rep-
resent a normal range of values. It is also probable that any findings dif-

fering markedly fromthese data are indicative of a significant abnormality.
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II.

EKG LEADS

Screenlead (unipolar): CR,L (chest ri ht 6th intercostal, lower) the
p 6 g

exploring electrode is connected to the bottom of the sixth interco stal

space. The indifferent electrode is connected to the right foreleg.

Standard

A,

Bipolar Leads

Lead I - the electrodes are connected to proximal parts of the
right foreleg and left foreleg (posterior olecranon), where the
subcutis is loose, the left foreleg being relatively positive, the

right foreleg being relatively negative.

Lead II - the electrodes are connected to the same region of the
right foreleg, the other connected just distal tothe anterior sur-
face of the left femur where the subcutis is loose, The right fore-

leg is negative and the left leg relatively positive.

Lead III - the electrodes are connected tothe left foreleg and left
leg, the left forelegbeing relatively negative and theleft leg rel-
atively positive.

Augmented Unipolar Leads
aVR - the electrode records the potential fromthe right foreleg.

aVL - the electrode records the potential from the left foreleg.
aVF - the electrode records the potential from the left leg.

Unipolar Precordial Leads

CR6L - the exploring electrode is connected at the 6th lower left
intercostal space at the bottom (near the edge of the sternum) at

the apex of the left ventricle. The indifferent one on the right

foreleg.

CR6U - the exploring electrode is located at the 6th leftintercos-
tal space at the costochondral junction over the free wall of the

left ventricles. The indifferent one on the right foreleg.
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CR5 - the exploring electrodeis at the 5thright intercostal space
near the edge of the sternum over the free wall of the right

ventricle. The indifferent one on the right foreleg.

CR6L, CR6U, and CR5 as established by Lanneck against Wilson's central
terminal (V).
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THE EFFECT OF FISSION PRODUCTS AND AGING

ON THE ELECTROENCEPHALOGRAMS OF THE BEAGLE
by
H. C. Redman and J. E. Weir

INTRODUCTION

Encephalograms are being recorded on beagles prior to exposure to fis-
sionproducts by inhalation and at intervals post exposure. They are obtained
in conjunction with a general physical examination to aid in assessing the
effects of ionizing radiation should these in some measure involve the func -
tion of the nervous system. It is necessary to establish a baseline so that
any effects of age can be coevaluated with those of radiation when and if they
are encountered. Relevant information in the literature is limited. 1-4 Most
data not only have been derived from mixed breeds of dogs of varied sex and
age, but have been collected under a variety of experimental conditions. This

paper is an interim report on the electroencephalographic procedures being

carried out locally.

METHOD

Since frightened animals cannot be properly tested, the dogs were han-
dled gently and placed in a canvas sling with their heads resting on a foam
rubber pad and with their legs extended through holes in the sling. Only
occasionally was it necessary to tie the legs of restless animals loosely to
prevent undue motion during recording. It was found helpful to routinely
cover the eyes using a loose gauze and cotton bandage, but no sedative or

other drugs were employed.

Six 27 gauge tungsten-platinum alloy needles were inserted into the
scalp so as to comprise three bilaterally symmetrical pairs in the frontal,

temporal, and occipital areas. The electrodes in the temporal areas were
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equidistant from those in the frontal and occipital areas. The distance be-
tween the frontal and occipital pairs were less than that between the temporal
pair. The major regions of the brain werethus covered. Figure 1 illustrates

the placement of the electrodes.

The electroencephalograph was a standard four channel medical instru-
ment. * Two tracings were made in each case. The first was right frontal
to right occipital, left frontal to left occipital, righttemporalto left temporal,
and right occipital to left occipital. This scheme permits comparison of the
two hemispheres. The transverse leads permit more precise localization

of electrical activities in each hemisphere.

The animals were awake when the tests were done. This was assured
by hand clapping and applying physical stimulation at intervals. A total
period of between one and two hours was required for each test. The instru-

ment was frequently calibrated so that a 5 mm deflection represented 50 mv.

RESULTS

Electroencephalograms have been obtained on 32 beagles ranging in age

from 10 months to slightly over a year. Details appear in Table 1.

In analyzing the records, attention thus far has been directed to domi-
nant rhythms (frequency and amplitude), and to wave forms (prevalence and
location). Table 2 shows the mean and ranges of dominant waking rhythms.
Tables 3, 4 and 5 show the frequencies and amplitudes of the frontal, tem-
poral, and occipital bipolar leads. Figure 2 shows a typical awake bipolar

record of a one year old beagle.

It is felt that tracings which differ more or less markedly from these
are significantly abnormal. Examples are shown in Figures 3 and 4, re-
corded from different animals. Both dogs are probably epileptic, butonly
one (Figure 4) has thus far shown even minor seizures clinically. While

being tested this animal held his head rigidly cocked to the right side.

%*Electronic Medical Instrumentation System manufactured by the Minne-
apolis-Honeywell Co.
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BIPOLAR RECORDING PLACEMENT

Left Frontal (LF) (RF) Right Frontal

Left Temporal (LT)
Left Ground (LG)

(RT) Right Temporal
(RG) Right Ground

Left Occipital (LO) (RO) Right Occipital

b
l*,y
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FIGURE 1
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FIGURE 2 I 5mm=50mv
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TABLE 1

THE AGE OF BEAGLES AND THE NUMBER OF
ELECTROENCEPHALOGRAPHIC RECORDS OBTAINED

Age

10 months
10 months,
11 months
11 months,
11 months,
11 months,
12 months
12 months,

12 months,

3 weeks

1 week

2 weeks

3 weeks

2 weeks

3 weeks
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Number of
Records

1
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During the routine examination, three dogs from one litter showed
cerebral dysrhythmia. This consisted of medium to very high voltage waves
of a basic 1-2 cps frequency intermingled with 3 - 5 cps waves. Occasion-
ally sinusoidal medium voltage waves at 4 - 5 cps were seen. These had
durations of between 6 - 7 seconds. None of these animals harbored para-

sites or were manifestly diseased. They are under continued observation.

DISCUSSION

The occurrence of idiopathic epilepsy in dogs has been described, 1-2

and death from the malady has been recorded. Generalized convulsions are
known manifestations of several diseases of thenervous system and of a num-
ber of systemic diseases which are not primarily neurologic. Symptomatic,
as contrasted with idiopathic epilepsy, can be associated with trauma, infec-
tion parasitism, neoplasia, and toxic states. Encephalograms taken, when
such maladies are present, will show various types of dysrhythmia such as
spike discharges, dome wave discharges, paroxysms of slowor fastelectric
activity, or perhaps a generalized variation of basic rhythms. These same
changes are seen in animals who have idiopathic epilepsy, except that in the
latter case there is often no other manifestation of poor health, or abnormal-

ity including the occurrence of frank convulsions.

CONC LUSIONS

Though it is obvious that the electroencephalographic work will have to
be continued for many years to establish age correlated changes, it is clear
now that should idiopathic epilepsy appear early or late in the animals
employed in the fission product inhalation studies, a serious economic and
scientific loss will ensue. It is hoped that this can be avoided by detecting
a predisposition to this disease early in life through routine electroencepha~

lographic examinations.
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LONG TERM EFFECTS OF INTRAVENOUSLY INJECTED
1131 ON RAT THYROID AND PITUITARY GLANDS

T. L. Chiffelle and J. K. Scott

Previous studies with rats show negative findings in the thyroid and
pituitary glands when single intravenous doses of 1131 ranging from 18 to
30 pc were injected into rats. L2 Earlier experiments in this laboratory
with lowdoses (15-25 HC) of inhaled radioiodine have shown definite though
transient histopathologic changes in these two glands. They were first

observed two months following the exposure of the animals.

Thyroid effects consisted principally of a reduction in the average
follicle size, and of hypertrophy, rather than hyperplasia of the follicle
epithelium. Concomitantly, the colloid content was reduced, and showed
a characteristic failure to stain with acidophilic dyes. The increase in
cellular dimensions, whichwas seen, involved bothcytoplasm and nucleus;

but there was no overall increase in the size of the thyroid gland.

The changes in the follicle epithelium were apparently temporary,
since the gland had essentially reverted to a normal appearance at the end
of four months. However, at this time, the pituitary, whichhad heretofore
appeared to be normal, showed small central collections of hypertrophied,
swollenbeta cells in the central portion of the gland. Such elements have
previously been ascribed to the production of thyrotropic hormone; and

their appearance is well known to be associated with thyroid hormone

deficiencies of varying degrees.

None of these observed effects can be attributed to dietary causes;

particularly since they are transient.

A second series of rats exposed to five times the dose administered
to the first group showed similar changes. However, they were noted
earlier and persisted longer. Whether the thyroid and pituitary cytologic
architecture will eventually return to normal in this groupis not known as

of this writing, since the experiment is still in progress.
160




Because of variations in absorbed dose, when an isotope is adminis -
tered by inhalation, animals may assimilate considerably more, or less
than an intended amount. Therefore an ancillary experiment was initiated
in which three groups of rats were giventhree intravenous doses of 1131,
in orderto moreprecisely control the amount of isotope entering the body.
The animals were given 15,25, and 45 pc respectively. They are being

periodically sacrificed and observed for one year post-exposure.

The initial measured body burdens for the three groups of animals
is shownin Table I. At the 15 pnc levelthere was a difference of 14.29 e
betweer; the minimum burden of 15.1 pc and the maximum burden of
29.39 pc. At the 25 c levelthere was adifference of 6.2 e between the
minimum and the maximum. Finally, at the 45 pc level a difference of
16.5 ¢ /éxisted. As expected, however, there was less overall variation
in body burdens than would have resulted had the isotope been given by

inhalation.

At the projected 15 pc level, 12 of 14 animals had an initial body burden
between 15 and 20 | c, a variation of only 5 pc. The two exceptions had

burdens between 29 and 30 ne.

At the 25 |, c doselevel, the variation between minimum and maximum
was much narrower. In this group, 12 of 13 animals have shown body
burdens between 18 and 34 ;, c; which is a difference of only 6 pc. Only

one animal had absorbed an amount ranging between 34 and 35 TR

In the 45 |, c dose group 11 of 14 animals have shown a variation
between 49 and 55 ¢, a difference of 9 wc. The other 5 animals have

ranged between 39 and 49 c.

Histologic evaluation of thetissues fromthese animals is incomplete,

as of the time of this writing; and studies are continuing.
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TABLE I

Initial Body Burden, 1131, Hc/animal

(Intravenous injection of isotope)

Planned Animal Initial Measured Initial Measured
Body Burden Number Body Burden Body Burden
Test Animal A Test Animal B

15 ¢ 22 17.2329 15.8564

25 18.4631 15.2595

28 19.9720 15.1344

31 18.0943 17.5806

34 18.1273 17.5987

37 29.3892 29.0503

42 17.4734 19.9423

Initial Body Burden, 1131, Hc/animal

(Intravenous injection of isotope)

Planned Animal Initial Measured Initial Measured
Body Burden Number Body Burden Body Burden
Test Animal A Test Animal B

25 nc 23 29.1213

26 32.8028 28.0673

29 30.6738 31.6207

32 31.6728 32.2352

35 32.8653 31,7285

38 33.3148 32.7467

43 34,1677 33.9905

cps 131 .
Initial Body Burden, I' 7", pc/animal

(Intravenous injection of isotope)

Planned Animal Initial Measured Initial Measured
Body Burden Number Body Burden Body Burden
Test Animal A Test Animal B

45 pe 24 39,6886 53,9388

27 43,8146 50. 7153

30 50. 6754 45,5560

33 50.3970 46.9885

36 52.2127 49,9710

39 53.8274 47.5043

44 54.2460 51.4967
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LONG TERM EFFECTS OF INHALED RADIOIODINE
AND RADIOSTRONTIUM IN RATS

T. L. Chiffelle and J. K. Scott

INTRODUCTION

The following report has been writtento detail and summarize experi-
mental work conducted by the Department of Pathology for the year ending
June 30, 1965. In the first year of operation, this laboratory was con-
cerned with construction, acquisition and training of personnel and with
the refiningof technical procedures utilizinga pilot studyofCs-137 effects
on rats injected intravenously. Although portions of this section of this
report will contain material presented in 1964, some repetition is neces-
sary but is being minimized. Most of the experimental studies reported
here were performed in collaboration with the Departments of Radiobio-
logy, Biochemistry and Hematology. Results of their studies are distrib-

uted through this report.

Purpose and Objectives

Biologic effects of internal emitters generally differ from those pro-
duced by uniform external radiation because of concentration at target
sites where high local dose rates prevail. Other important factorsin long
term effects are the turnover rate and biochemical properties of theiso-
tope. 18,20 The ultimate purpose of this Programis to assess long range
effects of inhalation exposure to fission products, singly and in various
combinations, at dosages generally less than required for acute effects.
Therefore, effects quantitatively evaluated are more apt to be reduced
life expectancy and neoplasia. The pathologist is, therefore, concerned

with:
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Patterns of growth and development;
Processes leading to atrophy and fibrosis;
Alterations in nutrition and metabolism;
Response to injury and subsequent repair;
Resistance to effects of micro organisms;

Effects on immune mechanisms;

~N O~ W N

Development of neoplasia.
Such evaluation entails an integration of information regarding:
1. Isotope properties, manner of absorption, tissue distribution and
local concentration, metabolic turnover and excretion.
2. Direct tissue effects at local target sites.
3. Indirect effects or sequelae induced in other tissues or organs

resulting from radiation and/or elemental chemical activity.

Comparing effects ofa combination of isotopes is compounded by us-
ing the inhalation route and hence, the manner in which each isotope is
handled bythe lung. Initial experiments with''high' and "low' doses were
designed to assess single isotope distribution and excretion patterns, ana-
tomical and biochemical changes and life-span. High-dose levels were
expected to affect growth rate, reduce life-span, lower resistance to in-
fection, produce or accelerate development of tumors and induce hema-
tologic abnormalities. Lower doses were expected to involve premature
aging, atrophies and to a lesser extent, neoplastic changes and hemato-
logic aberrations. In some instances the inhalation route imposes limit-
ations on the magnitude of high-level exposures due to isotope costs, in-
creased personnel hazards inthe exposure procedure and subsequent care
of animals.

Soluble compounds of Cs-137, Sr-90 and I-131 were selected for the
early studies because of their ease of handling. Cs-137 andSr-90 repre-

sent a particular challenge because of the long physical half-life (>25
8,9,18,20

years). Their types of radiation and associated energies are
expressed below:
Cs-137 : B-0.52 mev
v-0.66 mev
Sr-90 : B-0.54 mev
I-131 : B-0.6 mev
v=-0.36 mev
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Cs-137is widely distributedandis expected to produce effects similar
to total body X-irradiation. Chemically it behaves like potassium, having
broad intracellular distribution. Approximately 60% of the absorbed dose
appears in muscle with additional concentration inbrain, visceral organs,
blood, skeleton and teeth.

Sr-90 is rapidly absorbed and physiologically behaves as calcium.
It is deposited erraticallyin the skeleton and particularly concentrates at
sites of active bone growth. Therefore, the uptake and initial retention
is much greater in younger animals, andthe excretion patternvaries con-
siderably with age. Mostof the material is foundin the urine. Generally,
within 20-30 days after injection, there is a rapid excretion of approxi-
mately 70% of the isotope. Thereafter, excretion rate is reduced and 10~
15% of the isotope is present for prolonged periods. Local skeletalaccu-
mulation of Sr-90 has profound effects on growth and on the hematopoietic
system and is animportant stimulus to the development of fibrous dyspla-
sia, bone tumors and leukemia. 8,9, 20

1-131 is a highly effective fission product. Its primary forma-
tion at fission is small and most of it accumulates from the rapid decay
of precursors. > It is highly soluble, has a short physical and biological
half-life and between 7 and 12 % is uniquely concentrated in the thyroid
gland. 6,7 This results in a high local rad dose in spite of the short bio-
logic half-life. Damage to the gland with suppression of hormone output
may have wide spreadeffectson cellular metabolism and energy transfer

throughout the animal. 2,3,13, 14,18, 24

Methods

Standard histopathologic methods were applied to a variety of tissues
from each animal, as well as autoradiography and selected histochemical
methods for detection of enzymes (acid and alkaline phosphatase, succinic
dehydrogenase (SDG) and DPNG-diaphorase). Rationale fortissue enzyme
studies and for a selected system has been explained. 24 With bone-seek-

ing isotopes methacrylate embedding for sectioningundecalcified bone was
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used to offset isotope loss. Cytogenetic analyses were conducted on col-

chicine treated rats.

Experimental Design

The study was divided into two parts: (1) a search for pathologic
changes in an exposed group of rats which were serially sacrificed and
(2) observations on a similarly exposed group which was allowed to live
out their life span to obtain survival data. Each group was compared to
matching control animals. These groups consisted of approximately 120
test animals and 120 controls. The number of animals in a group depend-
eduponthe number sacrificed at a time, the number of sacrifices and the
expected maximum survival time at that dose level. With the larger ani-
mals (Beagle dogs), the number in each exposure group was governed by

the available colony population coming of age (13 months).

Isotope dosage was planned for levels which would shorten life span
byvarying lengths, but not generally encroach upon a range leading to an
acute radiation syndrome. In some instances the upper limit was govern-

ed by the capabilities of the aerosol generating system.

Longevity study groups were generally composed of approximately
half the number of animals used in serial sacrifice studies. At this time
only a few have died; whenever possible the deceased were dissected for
histopathology. At sacrifice the test animals and controls were anesthe -
tized with Nembutal and exsanguinated; chemical analyses on serum were
performed by the Biochemistry Department and work on blood and bone
marrow was performed by the Section of Hematology. Dissections were
made on each animal and tissue sections were fixed in either 10% buffer-
ed formalin or formol-sublimate. Tissues selected for enzyme studies
were quenchedinisopentane at liquid nitrogen temperatures and so stored
until processed. Anexample of the tissues examined is presented in Table
l.  Where indicated, as in Sr-90 exposures, the entire carcass was X-
rayed and the films surveyed for tumors, fractures and other skeletal al-
terations. Cytogenetic studies were conducted on animals injected with

an appropriate dose of colchicine 1 - 2 hours before sacrifice.
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Table 1

Histopathology Tissue List .
Brain Salivary gland Kidney Thyroid
Heart Esophagus Ur. bladder Trachea
Lung Stomach Testes Larynx
Thymus Duodenum Epididymis Parathyroid
Lymph Nodes Ileum-3 sites Prostate Adrenal
Cervical Colon-2 sites Seminal vs. Pituitary
Mesenteric Pancreas Skeletal MM Nerve ganglia
Spleen Liver Tongue Bone-femur
Bone Marrow Mesenteric Diaphragm ~-vertebra
Fat : Psoas Spinal cord
Blood vessels Periph. nerve Skin

[Fixatives: Buffered formalin-10%; 10% formol-sublimate]

Tissue List For Enzyme Studies [cryostat techniques]

Thyroid, including parathyroid, esophagus, soft tissues of neck
Salivary gland

Stomach, distal portion

Duodenum and pancreas

Ileum

Liver

Spleen

Kidney

Autoradiography Tissue List

Thyroid, etc. Spleen
Lungs Lymph node
Liver Blood
Kidney

(Performed on fresh frozen tissue sections for the first
2 month sacrifices only; emulsion exposures varied
from 3 days to 3 weeks.) -
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IODINE INHALATION EXPERIMENT

Experimental

1. Studies following Tracer Level Exposure - Serial Sacrifice

One-hundred male Holtzman-strain rats weighing 150 grams (age 50-
60 days) were exposed by inhalation to an aerosol containing I-131 for a
planned absorbed dose of 0. 08 nc/gm. body weight. Five test and 5 con-
trol animals were sacrificed at intervals of 24 and 48 hours, 4, 8 and 15
days and 1, 2, 4, 8, 16 and 32 months. All were examined grossly for
pathologic lesions and 2 experimental and 1 control were examined for
histopathology. Chromosomal analyses were performed on the marrow
from 2 companion test animals and 1 control. These animals were sub-
cutaneously injected with 1 ml. aqueous colchicine solution (0.75 mgm/
ml) one hour prior to sacrifice and fresh femoral marrow was collected
into Difco 199 culture medium. Tissue samples for enzyme studies were

treated as described.

2. Serial Sacrifite following Higher Dose Exposure Studies.

One-hundred and twenty similar Holtzman-strain rats were exposed
to I-131 for a planned absorbed dose of 0. 4 “c/gm. body weight. Proce-

dures for sacrifice and examination were identical to the above.

3. Longevity Studies

Two groups of rats, one at each dose level ofI-131 (0.08 and 0.4c/
gm) were exposed by inhalation simultaneously with the serial sacrifice

groups. The disposition of animals is enumerated below.

Number of Animals

Isotope

Dose/gm Males . Females Total
0.08 ,c 9 50 59
(controls 9 50 59)
0.4 }“LC - 49 49
(control) - 49 49)
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Animals inthis study were permitted to live to accumulate statistical sur-
vival data and correlative information concerning cause of death in expos-
ed and control animals. To date, very few rats in this series have suc-
cumbed. When possible all dead animals were thoroughly examined and
resulting information was tabulated. Special interest was attached to the
matching control group because statistical information concerning natu-
rally occurring diseases in the Holtzman-strain has not been well docu-

mented.

4. Tracer Dose Range Effects in the Thyroid — Pituitary

In the initial pathology evaluation of serially sacrificed animals up to
160 days after inhalation exposure to tracer levels of I-131 (0.08 uc/gm)
there appeared to be minimal but distinct cytologic changes noticeable in
the thyroid at 60 days and in the pituitary at 132 days. This unexpected
finding was of particular intere stbecause itoccurred longafter disappear-
ance, as determined by autoradiography, of iodine from the thyroid gland.
Previous observers (Durbin and Goldberg, et al. ’ 10) have not described

tissue effects at levels from 0.07 to 0. 33 pc/gm. body weight.

It seemed possible that the animals had absorbed an I-131 dose con-
siderably greater than the intended level and that minimal histologic chang-
es had resulted. Therefore, an ancillary experiment was designed to
bracket these doses and, to avoid the usual variation in inhalation dose,
the isotope was administered intravenously. Forty-eight rats like those

used previously were divided into 3 groups according to the following re-

gime:

Number of Number of
pc/gm pc/animal test animals controls
0.09 15 16 8
0.165 25 16 8
0. 297 45 16 8

Two test animals and one control in each of the three groups were sacri-
ficed at 2, 4, 8, 16, 32, 64, 128 days and 1 year after injection. They
were examined grossly and histologic examination of thyroid and pituitary

giands was performed. Tissue enzyme studies were conducted on thyroid
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gland and adjacent structures, in a single block, following preparation by
cryostat technique. Paraffin embedded tissues were stained with hema-
toxylin-eosin. Pituitary gland was stained by the periodic-acid-Schiff,
PTAH, and a trichrome method for differentiating the various cell types.
Autoradiographs were made of Ccryostat sectioned thyroid tissue up to day
64.

Results

1. Control Animals

Histologic examination of tissue from control rats showed no distinc-
tive deviation from expected findings. Particular attention was directed
to alterations in the respiratory tree, rate and character of bone growth,
status of lymphoid and hematopoietic tissue, changes in thyroid, pituitary
and other endocrine organs and relative frequency of mitosis in various

tissue structures.

Focal respiratory tract inflammations are not uncommon in rodents
and appear to increase with age. In these animals the incidence of res-
piratory changes was minimal and no increase was seen. Most frequent
findings were scattered lymphoid nodules in lungs, adjacent to bronchial
structures, and varied degrees of chronic bronchitis and bronchiolitis;
mucosal infiltrates of lymphocytes and plasma cells in the larynx and
trachea were present. One animal currently has developed a marked
bronchiectatic pulmonary inflammation with areas of pneumonia and ab-
scess formation at approximately 100 days of age. Chronic tracheitis
and laryngitis was common in many animals and the degree of inflamma-
tory change varied widely showing no significant difference between test

and control animals.

Appearance of lymphoid tissue including thymus, lymph nodes and
spleen was not remarkable. Generally, as the age of the animal in-
creased, cervical and thoracic lymphnodes were slightly larger, probably
reflecting hyperplastic responseto microbiologic activity inthe upper and

lower respiratory tract.
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Bone growth appeared orderly. Inthe young animals (age 50-60 days)
cartilaginous epiphysis and metaphyseal spongiosa was broad with active
osteoid formation. Aging, with decreasing growth rate became evident
at age 100-180 days with narrowing of epiphysis, depletion of subepiphy-
seal spicules and trabeculae and decreased osteoblastic activity. At 200-
240 days most epiphyseal activity had ceased. Bone marrow changes
(femoral and vertebral) were limited to normal aging depletion in which
marrow became increasingly fatty beginning at the 100th day of age. Fat
replacement of marrow at age 300-325 days was usually quite marked.
Hematopoietic elements in tissue sections of bone appeared to exhibit a

population distribution within normal limits, irrespective of the degree

of fat replacement.

Microscopic structure of control thyroid glands was quite constant
during the study. Average follicle size varied from 50-180 j diameter.
Height of the lining epithelium generally varied from 6.5-9.0 pfor smaller
follicles and 4. 5-6.0 . for the larger. Most were generously filled with

weakly acidophilic colloid but inflammatory cells were not present.

Cytologic characteristics of the pituitary gland were not remarkable
inany control animals at 348 days after start of the experiment (approxi-
mate age of 400 days). Alpha and intermediate type cells, as well as
chromophobic cells, dominated the cellular distribution. Beta cells were
extremely scarce, consistent with observations of Purves and Greisbach
and of Goldberg and Chaikoff. 11,19

Extent of mitotic activity was assessed in various tissue structures
mainly to compare test animals at different time intervals. Mitotic figures
are well known for actively regenerating tissue such as intestinal mucosa,
lymph nodes, spleen, thymus, bone marrow, testes, skin, and respiratory
epithelium. They are also common in renal tubular epithelium, thyroid

gland and pituitary. Proportionate numbers seen in control animals ap-

peared relatively constant to the age of 400 days.

2. Autoradiographs

Of the autoradiographs performed on several tissues only those of the

thyroid gland were of interest. Results at both dose levels of the isotope
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were essentially constant. To day 4 after exposure the thyroid mass was
a solid blackened area presumably due to the isotope. At day 8, as seen
in Fig. 1, the total isotope concentration had considerably decreased but
heavy concentration sites remained scattered throughout, particularly in
larger follicles. By day 16, most of the isotope had disappeared (Fig. 2)
leaving only rareisolated ""hot spots.' All I-131 had disappeared from the
thyroid by 32 days after exposure.

3. Initial Body Burden

The knownvariations inisotope absorptionadministered by inhalation,
is illustrated in Table 2 by the measured initial body burden of I-131
in the sacrificed animals of both the '"low'" and "high'" dose series. In
Table 2 (low dose) these ranged from 4.32 to 22.22 yc, representing a

variation of 5.3 compared to an expected burden® of 12-12 yc/animal.

Thehigher dose was expected to result in a body burden ranging from

60-69 pc for these 150 gm rats.

Measured values ranged from 5.45 to 125. 22 uc, as shown in Table
3. Only one test animal had a recorded value of 5.45 and the next lowest
contained 36. 96 pc. Exceptfor the one low value, the dose varied by 5. 1.
The number of animals tabulated here would not bear statistical criticism,
however, it is of tentative interest that in the 'low'" dose group 37% de-
posited less than expected, 26% were within the expected range and 37%
deposited greater than expected. At the "higher' dose 23% of the rats
absorbedless thanexpected, 15% were within the projected range and 62%

were above,

*Expected burden was arbitrarily derived from related exposures
when a similar dose was delivered intravenously. Eighty-five per cent
of these animals showed a body burden varying by only 5 pC.
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Table 2

Initial Body Burden, 1131, pc/animal

[Calculated inhalation exposure dose: 0.08 pe/gm]

Animal Group Test A Test B Sac. Days After
Number Exposure
3 4.3210 9. 0608 24 hrs.
4 9.2509 48 hrs.
5 13.7491 4 days
6 20.4100 8 days
7 18,2006 16 days
8 15.3409 11,2208 32 days
9 15. 8633 6.2840 62 days
17 15,6202 16,7411 131 days
18 11.8671 5. 4865 " 160 days
40 15.8182 18. 5596 330 days
61 22,2193 467 days
62 18. 8647 469 days
69 16. 7097 502.days
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Table 3

Initial Body Burden, 1131, pc/animal

[Calculated inhalation exposure dose: 0.4 pe/gm]

Animal Group Test A Test B Sac. Days After

Number Exposure
11 108. 5062 69. 8134 24 hrs.
12 94,6242 62,6707 48 hrs,
10 82,5434 64,1913 4 days
13 79.2144 93.1952 8 days
14 125, 8337 123.9045 16 days
15 56.0242 ‘ 124. 6862 32 days
16 5.4552 . 126.2194 64 days
19 108, 2868 94 days
20 105.9694 46,5824 131 days
21 36.9558 85.4021 188 days
41 61.0791 84. 8539 276 days
49 91.9973 348 days
50 56.2278 68. 3835 362 days
53 79.0903 367 days
54 40.3084 . 377 days
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4. Histologic Findings

a. Low Dose (0.08 pc/gm)

Microscopic changes were minimal and were confined to the thy-
roid and pituitary gland. At 16 days post exposure no visible cytologic
effects were seenalthoughnomitoses were found in the thyroid epithelium.
In the 16 and 32 day period, thyroid follicle epithelium appeared slightly
taller with some cytoplasmic vacuolization. A few pyknotic nuclei were
found but not in greater frequency than in the controls. Mitotic inhibition
persisted in thyroid epithelium. No inflammatory reaction was present,
nor were there any tissue alterations observed in related structures (blood
vessels, connective tissue, parathyroid gland, etc. ). Except for the
mitotic inhibition, described alterations were probably of questionable
significance with respect to the rather well known ''normal'' variation in

thyroid structure.

The first well defined microscopic thyroid changes were seen at day
62. Follicle diameters were reduced, colloid content decreased and was
often quite scanty and epithelial cells were increased in height. There
was occasionalnuclear pyknosis and cellular desquamation, but the signi-
ficance of this was doubtful since similar changes were sometimes seen

in control material. The pituitary gland was not remarkably changed.

In subsequent sacrifice periods at 131, 160 and 330 days thyroidal
alterations were inconsistent and minor. It was difficult to define signi-
ficant differences between control and test material. At 131 days the
pituitary of experimental animals showed slight increase in number of
large beta cells but this trace difference disappeared at 160 and 330 days.
No histologic changes were seen in other tissues that could be directly
related to the isotope, eveninthe early stages of the experiment when high
concentrations existed in the circulating serum and kidney, the main route
of excretion. Tissues with high cellular turnover showed no reduction in
mitotic frequency nor detectable aberrations in the mitotic apparatus.
Even the pituitary gland, where some isotope accumulates, failed to show

evidence of direct radiation effect. No cytologic alterations were ever seen
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in the renal tubular epithelium, nor was there reduction in the expected
number of mitoses. Although the respiratory system was the primary site
of deposition of the I-131, the rapid absorption apparently precluded de-
tection of any cellular changes. Aging in test animals and controls ap-
peared comparable, including maturation, changes of femoral epiphyseal
plate, progressive fat replacement of marrow and focal renal sclerosing
(glomerular mesangial thickening, tubular atrophy and slight thickening
of afferent arterioles). Bone and marrow changes were first seen in the
62-160 post-exposure period, after renal changes were noted at 330 days.
Peripheral blood smears and sections of marrow showed no distinctive

changes.

3. High Dose (0.4 yuc/gm)

In this group the initial body burden of I-131 was greater than
expected for the majority and in some instances reached 125 pc. Again,
microscopic changes were principally seen in the thyroid and pituitary
gland. Traces of thyroid follicle change were apparent at 16 days in
contrast to 32 days at the 'low' dose level. Follicles were smaller,
colloid scantier and epithelial cells taller than in controls. Early sacri-
fices showed only mitotic inhibition but at 16 days one abnormal mitotic
figure was found; notably these test animals had nearly double the expected
body burden. Therewereno associated inflammatory reactions and adja-~
centtracheal epithelium showed no mitotic inhibition. Pituitary glands of

test and control animals were alike and unremarkable.

At 32 days thyroid changes were more marked than previously even
though the isotope had left the gland. Follicle diameters ranged from 50-
94 . and the epithelial lining increased in height (14-18p). Nuclei were
enlarged and more variably sized. There was some nuclear pyknosis and
desquamation of epithelial cells. Colloid was scant and appeared to stain
abnormally. In the adjacent tracheal lymphoid tissue, nuclear fragmen-
tation was found. In the pituitary, rare large vacuolated beta cells were

seen but these were numerically judged to be of questionable significance.
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Thyroidal changes continued to the 188th day of sacrifice and obser-
vations are continuing. Early changes are illustrated by comparing a
sample control (Fig. 3)and test animal (Fig. 4). The anterior hypophysis
exhibited significant accumulations of large, swollen beta cells (thyro-
tropic) in the more central portion of the lobe, as described by Purves

11,19 The presence of these

and Greisbach and by Goldbergand Chaikoff.
cells was inmarked contrast to the control glands as illustrated in Figs. 5
and 6, but their presencehas somewhat diminished by 188 days. Conco-
mitantly, alpha cells were numerically reduced and were slightly degranu-

lated, although this change was not particularly striking. Some differences
inmagnitude of thyroid and pituitary changes in test animals could usually

be related to differences in deposited isotope.

No significant changes were seen in other tissue except for progres-
sive aging changes in bone, marrow and kidney, as described previously
for the "low' dose series. A differential bone growth rate was observed
at 131 and 188 days. Exposed animals showed reduction inepiphyseal
plate and reductionin metaphyseal spongiosa in both femur and vertebrae.
One control animal had marked chronic respiratory inflammation with
multiple micro abscesses (at 64 days). With age occasional lymphoid
aggregations appeared inthe prostate gland, One testanimal (No. 19) was
prematurely sacrificed at 94 days because it appeared to be malnourished.
Tissue studies of this animal showed only lymph nodal proliferation of re-
ticular cells and plasma cells of undetermined etiology. Thyroid and
pituitary gland reflected changesas described previously but other tissues

were not remarkable.

5. Histochemical Enzyme Changes

Significant increases inacid-pho sphatase and DPNH-diaphorase occur-
red inthe thyroid epithelium of "low' dose animals sacrificed at 131 days
but reversedtonormalat 160 days. In this series, testing for tissue acid
phosphatase localization was not done pribr to this time and effects may

have unnoticeably developed.
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In the "high" dose series, similar and more pronounced increases of
these enzymes in the thyroid were first noticed on the 32nd day and have
persisted to the 188thday. In controls both enzymes were uniformly dis-
tributed in cytoplasm as fine particulates. In experimentals at times
corresponding to the previously described follicle alterations, both enzymes
were notably increased in concentration but the visible amount varied con-
siderably between cells. These enzyme increases were particularly
conspicuous (especially with the strong red colorimetric hue of the acid-
phosphatase method) and seemed partially related to the increase and
variation in cell size. No other tissue enzyme changes of significance
were seeninliver, kidney, salivary gland, spleen, stomach, or intestine,
except for decreases in the few microscopic areas of renal tubular atro-

phy reflecting the aging changes described previously.

Discussion

Normally some exogenous iodine (approximately 12% in 48 hours) is
rapidlylocalized in the thyroid gland, by a series of conversion reactions
with tyrosine is convertedto thyroxine and tri-iodo-thyronine and is bound
withinthe thyroglobulin of stored colloid in the thyroid follicles. 13 After
injection iodine appears within 2 minutes at the luminal margin of the

thyroid epithelial cell. 17 The bulkof circulating iodine is rapidly excreted
in 48-72 hours.

Beside the special affinity of iodine for the thyroid, other tissues
rapidly take up significant quantities of the ion. Among these are red
cells, salivary glands, mammary and sweat glands and stomach, where

3,13 Durbiné’ 7 using

large amounts are secreted by mucous neck cells.
tracer doses of I-131 in rats, has described significant concentrations of
isotope in lung, kidney, pituitary, liver, gonads, spleen, adrenal, pan-
creas, prostrate, salivary and mammary glands. With a larger dose (50
pc/gm) highest isotope concentrations after 26 hours appeared in pelt,
blood, ovary, lymphnodes, heart, lungs, kidney, liver, adrenal and spleen,

in addition to thyroid concentration.
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Because much iodide ion is incorporated into thyroid hormone it is
expected that the amount of circulatingiodine would be regulated, in part,
by hypophyseal thyrotrophic hormone (TSH). A "feed-back' mechanism
exists by which circulating thyroid hormone controls the secretion of TSH
(via hypothalamus) which, in turn, regulates the synthesis and release of
jodinated thyroid hormone. 13 Thyroid hormone action is exceptionally
broad with fundamental effects at the cellular level energy metabolism
affecting amino acid synthesis and transport in addition to energy availa-
bility from carbohydrates and fat. The mechanics of some of these im-
portanlt effects are still obscure. The complex interactions of thyroid
hormones and effects of dysfunctions of the glandare described in several
excellent reviews.z’ 3,13, 14,24 I-131 may be handled biologically differ-
ent from the non-radioisotopic form because of its direct affect upon

cellular metabolic processes but the long term effects usually fall into 3

general categories:

(1) Damage in the vicinity of the thyroid gland.
(2) Secondary or indirect alterations due to thyroid deficiency.

(3) Direct radiation damage to tissues remote from the thyroid

gland.

In the realm of single high dose effects of I-131in rats, the workof Durbin
et al., is of particular interest. 6,7 Comparisons were made between
cffects of tracer and higher level doses ranging from 10 to 90 pc/gm
with respect to excretion, tissue concentration, growth rate, life span and
pathology. Excretion pattern differences existed; in the first 4hours after
intravenous injection approximately 40% of both doses were eliminated.
In the next 4-24 hour period elimination of the high dose was retarded,
but thereafter, a rapid rate of elimination occurred and 96% of the dose
was excreted by the sixth day. Eighty-eight percent of the low dose level
was excreted by this time. There were also differencesin thyroid reten-
tion of the isotope between high and low doses. Twenty-four hours after

tracer doses the thyroid retained 7-12% of that injected, 5-10%at 48 hours

180




and thereafter it gradually fell to 2-4% by 11 days. With a high dose (50
Hc/gm) thyroid retention was much the same for the first 24 hours, but
was rapidly depletedto 1.5-2.5% at 48 hours and almost completely elim-
inated by 10 days. This rapid elimination was due to destructive effects
onthe thyroid gland and resulting incapacity to store the ion. Isotope doses
0of 10 y c/gm andabove markedly reduced growth rate and life-spans drop-
ped precipitously, particularly above 30 pc/gm, which is regarded as a

"toxic threshold."

Pathologic changes weremarked in all dose ranges except the tracer
level. At 10 yc/gm the thyroid gland was obliterated and there was some
decreased fat, lymphoid and splenic tissue. The pituitary gland showed
characteristic post-thyroidectomy changes with degranulation of alpha-
cells and increased numbersof beta-cells. In the range of 30-70 uc /gm
there was increasing damage to parathyroid tissues, progressive deple-
tion of splenic and lymphoid tissue, lymphopenia, granulocytopenia, mar-
row hypoplasia, ovarian atrophy and fibrosis, partial adrenal cortical

atrophy and cytoplasmic degeneration in renal tubules.

The studies of Goldberg et al., 10 are of more direct interest for com-
parison with effects seen inthe present study. To ascertain a continuous
picture of changes induced by radiation effects of I-131 tothe thyroid gland,
4 groups of 250 gm male rats were givengraded intravenous injections of
the isotope in amounts of 18, 300, 525 and 875 pc/rat (equivalent to 0. 072,
1.2, 2.1 and 3.5 [ c/gm), considerably less than Durbin's lowest toxic
level. 6 Animals were sacrificed at frequent intervals upto 3 days, week-
ly up to one month and monthly up to 8 months. With the highest dose le-
vel (3.5 c/gm) there was massive destruction of thyroid tissue within 48
hours, followed by scarring and injury to the trachea. No regeneration
had occurred after 6-8 months. Pituitary cytologic changes were delayed,
but between 1-4 weeks alpha cells were degranulated and reduced in num-
ber and became hypertrophied with hyalin cytoplasmic vacuoles. These

effects remained for the 8 months. At the doselevel of 2.1 pc/gm thyroid
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damage was severe but some regeneration had occurred at 8 months.
- Pituitary changes were es sentially similar to the above without restora-
tion to normal pattern. At 1.2 pc/gm, isotope effects to the thyroid were
manifested in 24-72 hours but after 8 months the follicles appeared nor-
mal. Similar pituitary effects but of lesser degree to the above occurred
in 2-4 weeks; the gland was restored to normal after 5-8 months. The
tracer dose of 0.072 pc/gm failed to induce histologic changes in either

thyroid or pituitary glands in one month.

Observations have presently been completed to 330 days for the 0.08
pc/gm dose group and to 188 days for the 0.4 nc/gm group. The delayed
(2 months) transient change in thyroid follicle epithelium at the low dose
level is of interest since essentiallynegative findings have been reported
by previous investigators. 6,7,10, 11 Perhaps the time of observation in
their studies was limited. Temporaryincrease in the number of centrally
located beta cells in the pituitary did not occur until sometime after the
2 month period and was first noticed at 131 days. The gland reverted to
normal status by 160 ard 330 days. During the period of isotope storage
in the thyroid gland (up to 32 days) no microscopic changes were found in
thyroid or pituitary glands. At the high dose level thyroid effects were
observed to begin earlier (minimal at 16 days) and progressively became
more pronounced. Pituitary changes were minimal at 32 days but pro-

nounced at 62 days. The thyroid-pituitary cytologic alterations have con-

tinued up to the present time.

In the low dose range, the deposited I-131 differed little from the gen-
erally acceptable tracer levels (15-25 pc), in spite of the variation in ini-
tial body burden obtained by inhalation. At the higher dose level a larger
percentage of animals (62%) received greater than the "expected', attain-
ing levels of 125 pc in some cases. The maximum level was therefore
less than half of the lowest dose used in the Goldberg and Chaikoff series
in whichmore marked effects were seen in thyroid and pituitaryand which
began at a much earlier time (24 hours for thyroid change; 1-2 weeks for

pituitary alteration). 10 It would tentatively appear from our data that the
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range of absorbed dosage from approximately 60-125 pc/animal would be
in a threshold area of prolonged effects since these have persisted for

several months.

The possibility was considered that certain dietary peculiarities
might have been influential in promoting the observed thyroid epithelial
alterations, since sodium-sulfamethazine was introduced into the animal's
drinking water in concentrations of 0.1 mg/cc (0.01%), equivalent to 5
mg daily consumption. A number of ""anti-thyroid'' agents, among which
are thiouraciland sulfanilamide, are known to alter thyroid histology and
promote reflected changes in the pituitary gland when given in sufficient

1,4,22 In general, these agents promote thyroid epithelial

amounts.
hyperplasia and decrease in hormone production, either by blocking the
uptake of iodine or inhibiting enzyme systems involved in the production
of thyroxine. Woodward and Berard have recently ascribed such effects
to the poorly absorbed sulfaquanidine administered to rats in amounts of
2% of the diet. 22 Sulfamethazine is readily absorbed and rapidly elimi-
nated. We are not currently aware of studies concerning this drug which
would indicate that it might have some direct effect on the thyroid gland
at the concentrations used (3.2% of a full, daily ''therapeutic''dose). It
appears unlikely that the drug influenced thyroid changes for the following
reasons; (a) none of the observed changes were seen inthe control animals
which received the same diet; (b) in the low iodine dose group thyroid
changes were transient and the gland of test animals seemed to have re-
verted to the normal pattern; and (c) the described effect of goitrogenic
substances is to promote hyperplasia with increased numbers of mitotic

figures. In our experimentals the thyroid gland was not increased in size

and the cytologic effect was one of cellular hypertrophy not hyperplasia.

STRONTIUM INHALATION EXPERIMENT

Experimental

1. Rat Exposure - Serial Sacrifice

One hundred and twenty male Holtzman rats and 40 female rats were

exposed. Average weightof the male rats was 180 grams (range 136-227
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grams); whereas, female rats averaged 165 grams (range 96-188 grams).
The aerosol was generated from a solution that contained 95 mc of Sr-90
and 34 mc of Sr-85(a ratio of 28. 6:1); the vector was 1% cesium chloride.
Median dose that the animals received waé 0.71 pc/gm (range O. 18-1.54
Hc/gm) in the case of the males and the median dose was 0.705 (range
0.16-1.11 Hc/gm) in the females. Nine of the exposed males and ten of
the females expired within the first 24 hours following exposure and were,

therefore, excluded from the experimental group.

Five test animals and five control animals were sacrificed at each
designated period (1, 2, 4, 8, 15days; 1, 2, 4, 8, 16, 32 months; and
at end of life span). All animals were thoroughly examined and tissue
samples from 2 test and 1 controlanimal were fixedand stained for histo-
logic survey. The list of tissues examined was essentially similar to that
described for I-131 exposures. Two additional test animals and 2 controls
were injected wtih colchicine 1 hour priorto sacrifice, and marrow aspir-
ates processed for chromosome analysis. Tissue enzyme analysis (acid
and alkaline phosphatase, succinic dehydrogenase-SDH and DPNH-dia-
phorase) on two test and one control subject was performed on fresh slices
of liver, kidney, spleen, stomach, and jejunum quenched in isopentane at
liquid nitrogen temperature. Autoradiographs were initially performed
on acetone fixed sections of femur and vertebra embedded in methacrylate
resin. Other samples of femur and vertebra were fixed with buffered
formalin {(10%), decalcified, and proces sed in customarymanner for gener-

al histologic details.

When clinical symptoms developed, examinations were expanded to
include radiographic surveys of skeletal system of all animals, using
both hard and soft x-rays, and many other bone and soft tissue samples
were taken for histologic surveys. When indicated, urine cultures were
taken for microbiologic assay.

Between 190 and 216 days after exposure, a large number of the ex-

posed male rats became acutely ill necessitating premature sacrifice.

Since the parallel groups of female rats for longevity study (see below),
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exposed to the same levels of isotope, were noted to be clinically free of
symptoms, the sacrifice periods were re-designed to compare effects be-
tween the two sexes and to permit closer intervals of effects study. Ac-
cordingly, sacrifice schedule was re-arranged ona monthly basis to involve
10 animals (5 exposedmales and 5 exposed females) and 10 control animals

(5ofeachsex), at eachperiod—to continue until the series was exhausted.

2. Rat Exposure — Longevity Study

Forty female Holtzman rats, 165 gramweight, were exposed by
inhalation to an aerosolcomprisedofa mixture similar to that described
for the serial sacrifice group. An equal number of control female rats
was incorporated into the study. This group was permitted to live out
their life span to be examined only at time of death. Because of the ap-
parent effects differences noticed between the male sacrifice series and
the female longevity series, this experiment was terminated by converting
the entire number into the serial sacrifice study as described above, be-

ginning with the 225th day after exposure.

3. Canine Exposure — Serial Sacrifice

Late in 1964, a limited number of beagle dogs became available for
Strontium 90 inhalation effects studies. Since strontium is handled in a
manner similar to the calcium ion, and its effects are more pronounced
inthe younger ainimal, the early adult age of 13 months for exposure was
selected. Initially, itwas plannedto expose comparable groups of animals
to a "high' and "low'' level of isotope (100 pc/kg. and 33 pc/kg., respec~
tively), both for continuous bioclogic effects study (serial sacrifice) and
for longevity study.

Accordingly, 24 test animals (matched with 10 control animals) were
exposed by inhalationofanaerosol containing a mixture of Sr85 and Srgo,
asdescribedpreviously for rat exposures, attaining an administered dose
0f 125 pc/kg. Theseanimalswere to be periodically bled for biochemical
and hematological studies at 1, 3, 7, 14, 21, and 28 days, and every
month thereafter. The sacrifice schedule was tailored to placeless empha-

sis on sampling in the early part of the expected life span, thus spreading
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the examinations at more regular intervals in the mid and later part of
life span. In view of the rather long life span of the dog, 2 sacrifice
schedule similar tothat for rats would have resulted in too widely spaced
examination intervals, particularly at times when neoplasms and accel-
erated aging phenomena wotild most likely take place. Ten sacrifice
periods were planned, limited by the total number of animals available at
the time of exposure. Two test and 1 control animal were to be sacrificed
at 4 days, 28 daysb, 6 months, 12 months, and every 4 months thereafter.
Tour testanimals were retained in a reserve pool so that, in the event of

early spontaneous death of scheduled sacrifice subjects, replacement

would be possible.

Complete pathologic examinations were performedand tissue samples
selected for histologic study in the customary procedure as outlined for
rat exposures. Tissue fixation was accomplished with either 10% buff-
ered formalin or 10% formol- sublimate. The skeletal system was studied
radiographically, and bone san'iples selected according to number of le-
sions found. Where roentgenograph films were negative, several bone
samples (femur, humerus, vertebra, etc.) were selected at random for
radioautographs and microscopic study. Biochemical and hematological
analysis was done immediately prior to sacrifice. Marrow samples were
obtained directly from femoral medulla at necropsy. Selected tissue
sﬂamples of liver, spleen, kidney, stomach, and jejunum were processed

for tissue enzyme analysis, as described for rat exposure series.

The planned canine group exposure to the ''low" dose level (33 pc/
kg) was temporarily suspended in the effects or serial sacrifice series

due to an inadequate supply of beagles.

4. Canine Exposure - Longevity Study

Paralleling the canine exposure for serial sacrifice, describedabove,
groups of animalswere assigned for exposure tothe same "high' and "low"
level isotope dose. However, dueto the limited numbers of animals avail-
able, itappeared logical toplace greater emphasis on initiating a braoder
exposure spectrum for the longevity series than was originally planned;

and to delay the serial sacrifice ow' level study until a later date.
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Thirty-six beagle dogs, age 13 months, were divided into 3 groups of
12 animals each. Six of each group were males and 6 were females. Ex-
posures were conducted during the months of July to October, 1965, by

aerosol inhalation method, according to the following schedule.

No. of Animals Isotope
Male Female Dosage (uc/kg)
Group I 6 6 125
Group II 6 6 25
Group III 6 6 5
RESULTS
1.  Preliminary Results: Rat Exposures to Strontium

a. Gross Findings

At the present time, 156 animals have died or have been sacrificed
(100 exposed and 56 controls). Among the experimental, 58 were males
and 23 females. Of these, 15 have shown tumors of the vertebrae, 6 of
which were multiple. Twenty-seven animals have shown tumors in bones
other than the vertebrae. Most of these occurred in long bones ( tibia,
femur and humerus), however, one was seen in the jaw and another at the

base of the skull. There were multiple tumorsin anumber of the animals.

The tumors varied in size from small microscopic areas to as big as
4 cm across. There were some cases of bone destruction. The larger

tumors invaded and displaced surrounding soft tissues.

In the animals with vertebral tumors, there was compressionof spinal
cord with paralysis of the hind quarter. Urinary bladder dilatation and
prostatitis was frequently seen presumablydue to interference with auto -
nomic supply to the bladder. In a few cases, there was a mild hydro-
nephorsis. Cultures of the urine in a number of these animals showed a

variety of organisms (proteus, streptococcus faecalis, E. coli, etc.).

Pulmonarymetastases were observed which varied in character from

microscopic nodules to masses that almost obliterated the lung. Many of
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the animals showed chronic bronchitis and penumonia, commonly seen in

rats, which in some cases was quite extensive.

b. Microscopic Findings

The earliest change observed in the bones was a depletion of the
marrow in the region of the metaphysis (Figures 7 and 8). This was
present in sacrificed animals on the 16th and 32 day post exposure, but
was not seen thereafter until 127 days after exposure. At the latter time
there was a different type of lesion in whichthe marrow of long bones and
to a lesser extent of vertebrae was replaced with fat. The extent of this
lesion varied widely in the bones of different animals and in a single bone.
In many animals no such replacement of marrow with fat was observed

in the bones examined (Figures 9,10,12 and 15).

In the long bones of some rats a transverse bar of unresorbed spon-
giosa was seen, in many it was absent; this indicates the linear growth of
bone beyond the original epiphyseal plate (Figures 9 and 10). Many of the
long bones showed areas of varying length, in which cortex of the shaft

was thickened with dense cortical bone (Figure 15).

The exact point of origin of the tumors was impossible to determine
except in a few early cases where small foci were observed microscop-
ically in the region of the unresorbed spongiosa. All of the early tumors
seemed to arise in the marrow cavity and in some cases there were

multiple points of origin (Figure 26).

The microscopic changes observed inthe tumors were quite variable,
the lesions varyingfrom areas of fairly welldifferentiated connective tis-
sue or osteoid to highly malignant solid tumor. There were many lesions
which seemed benign; others which contained atypical cells. These may
have been ''precancerous'’ and formed an intermediate group in which it
was difficult for the pathologist to decide exactly what hewas dealing with.
In some cases these different forms occurred in the same bone. An ex-

ample of this is shown in Figure 12 in which well differentiated osteoid is
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adjacent to malignant osteogenic sarcoma. Higher power magnifications
of the junctions of theselesions are shown in Figures 13 and 14. The struc-
ture of these malignant tumors is also shown in Figures 18 and 23. Many
of the malignant tumors contained immature cartilage, similar to osteo-

chondrosarcomas seen in humans.

The malignant tumors were sometimes limitedto the marrow cavities;
in other cases, bone destruction had occurred and large tumor masses
invading and displacing soft tissues were seen. This was interesting in
those tumors arising in vertebrae which compressed the cord (Figure 16)
or invaded thecord (Figures 19 and 20). These tumorsalso formedlarge
masses whichinvaded anddisplaced the surroundihg soft tissues (Figures
17 and 19). In the cases of cord compression, the prostate showed inter-
stitial fibrosis and inflammation, a purulent exudate and frequently hemor-
rhage in the lumens of the tubules (Figure 21) sometimes accompanied by

a slight hydroephorosis with dilatation of renal tubules (Figure 22).

Metastases occurred most frequently in the lungs. These varied in
size from small tumor emboli to large masses (Figures 23 and 24). A

few small metastases were seen in the kidneys and adrenal (Figure 25).

Autoradiographs have been performed on the bones of most of these

animals, but most have not as yet been processed (Figure 11).
The cases of leukemia are described elsewhere in this report.

2. Tentative Results: Canine Exposure to Strontium

Experimental observations are inprogress at the present time. Only
a fewanimals have been sacrificed and that data is insufficient for discus-

sion at this time.
Discussion

The data are asyet incomplete in the rat "effects" on serial sacrifice
group, but sufficientnumbers have been studiedto deserve tentative com-
ment and comparison with other studies of strontiumgo effects. While

the measured absorbed dose had wide variation in both males and females,
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the median for both sexes was essentially similar (0.71 and 0.705 pe/gm)
as were the ranges of absorbed dose (male: 0.18-1.54 nc/gm; female:
0.16-1.11 yc/gm). Thedose range selected has yielded results parallel-
ing those described in mice by Finkel, Biskis, and Scribner9 in which
survivorship and the incidence of bone tumors(osteogenic sarcomas) was
related to absorbed dose. For mice, significant shortening of life span
did not appear below a dose level of 0,044 pc/gm, and the 50% survival

figures in terms of days-after-injection of the isotope appear as follows:

controls : 600 days
0.44 pc/gm : 420 days
0.88 pc/gm : 250 days
2.2 Hc/gm : 200 days
4.5 pc/gm : 110 days

(data extrapolated from author's graphs)

The incidence of bone tumors rose sharply with increasing isotope dose,
with a peak maximum of near 95% at 0.9 tc/gm. With still higher doses,

the incidence fell rapidly since few animals survived long enough to de-

velop the tumors.

Incidence of Bone Tumors vs. Isotope Dose

Sr-90 pc/gm Incidence - %
0.04 6
0.09 4-6
0.16 17
0.4 80
0.9 95
2.0 75

The absorbed dose in our series of rats (both sexes) falls within the
range of dosage resulting in greatest bone tumor incidence for mice as
described by Finkel, et al. The first signs of clinical illness in the male
rats developed at 140 days after exposure, but large numbers became ill

between 190 and 216 days after exposures; some of these animals die
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(approximately 13%) while the illness of many others was judged to be of
sufficient severity to warrant unscheduled sacrifice for purpose of the

planned studies.

Principal pathologic findings in the animals were marrow depletion,
focal incomplete resorption of spongiosa, fibrous dysplasia, osteogenic
sarcoma, andleukemia. Obvious tumors of long bones occurred in nearly
one -third of the male animals, and histologic studies indicatethatmicro-
scopic foci of neoplasia are present in many more. Varying degrees of
fibrous dysplasia occurred, with or without frank malignant transforma-
tion. So far, approximately 20% of the male animals have developed bone
tumors involving the vertebra. These have been bothsingle and miltiple
and accounted forthe firstclinical signs of illness (hindquarter paralysis).
Animals so afflicted, developed lower extremity weakness and finally
paralysis. Inaddition, some of these animals developed a ''cord bladder"
with retention and subsequent bacterial infection of the genitourinary

tract.

Of particular interest was the apparent freedom from symptoms or
obvious gross lesions in the parallel female group of animals, although
the range of absorbed dose and median dose was essentially similar to
the male group. Microscopically, a few bone tumors have been found in
the females, but they have not yet been of sufficient dimension to disturb
the animals, or become detectable by x-ray skeletal survey. The explana-
tion for this difference between the two sexes receiving a similar dose at

the same age is not entirely clear.

The uneven distribution of strontium is well known. Like calcium,
the isotope is incorporated more rapidly in areas of active bone growth,
and this feature is illustrated bythe greater initial deposition found in the

20,25 This relationship between amount of

epiphysis of the younger animal.
localisotope concentration and rate of osteoid formation may have distinct
bearing onthe sex discrepancy, in view of the marked difference in growth
rate between the male and female rat. Thus, higher local (epiphyseal
and metaphyseal) bone metabolism in the male would probably result ina

greater incorporation of isotope at such sites, with resultant enhanced

191




efficiency for the production of bone tumors. Using a tumorogenic dose
of irradiation, the distribution of bone tumors has been correlated with
the growth rate of particular bones. The incidence is higher in portions
of the skeletonwhich have faster overall growth rates, thus accounting for
the well-known pattern of occurrence of skeletal tumors.g’ 20,25-28 It is
also of interest that, in rats treated with hypophyseal growth hormone,
the incident of tumors is higher; while in animals treated with thyroxine,

the bone tumor induction period is shortened.

One may speculate uponthe possibility of hormonal inhibitory or ac-
celerative factors which might account for the sex discrepancy in the
development of bone tumors. In humans, the higher natural incidence in
males is well known, but a clear direct correlation with hormonal effect
is rarely cited. The recently described extended survival in humans hav-
ing osteogenic sarcomata treated with estrogen is suggestive of a possible

direct inhibitory effect. 26

Bone growthand development is affected by nutrition, mineral meta-
bolic pattern, vitamins, and complex interactions of hormones particularly
thyroxine, pituitary growth hormone, and steroids. 25 Estrogen appears
to have a definite inhibitory effect on skeletal growth, particularly in the
long bones, and tends to accelerate epiphyseal closure. Effects on miner-
al metabolism by acceleration of calcium and phosphorus turnover-rates

9,25-217 It tentatively appears

has also been ascribed to estrogen effects.
more than likely that the increase incidence of bone tumors in the male
rats can be better related indirectly to sex differences in local bone me-
tabolism and to the uptake of strontium, rather than to direct inhibitory

action of estrogens or accelerative action of androgens.

Myelogenous leukemia has developed infour of the animals examined.
Since less than half of the exposed rats survived the induction period for
this entity (237 days), these four cases representa significant increase in
incidence as comparedwiththe rarity of naturaloccurrence of this disease

in this strain of rats. One of the cases was of a chronic myelocyticin type
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with typical features of chloroleukemia. The other three were more

immature in cell type and were, therefore, more diffic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>